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A whole new family of Speedomax® Recorders 
has come to the aid of time-pressed scientists in 
the past few years .. . some units only within 
the past months. Here are a few of the many 
jobs they can do: 

If you measure temperature by means of re- 
sistance thermometry, for instance, the correct 
Speedomax gives you a 5 place readout; not as 
accurate as the L&N Mueller bridge’s 7- place 
readout, but ample for a variety of applications. 

An L&N Wenner potentiometer gives you a 6 
place readout in thermocouple thermometry, but 
the precision of an automatic Speedomax with a 
4 place readout may easily fill your requirements. 

In the measurement of pH, our automatic re- 
corder is comparable in accuracy with our high 
quality manual instruments. 

Some of the newest laboratory “right hands” 
are engineered time-savers. The X-Y Speedomax 
can plot one quantity against another (such as 
temperature and temperature difference) and save 


could he done 


automatically 


3 individual plottings. With the X.-X2 Speedo- 
max, any two measurements can be plotted simul- 
taneously against time. To record power-level 
measurements in a matter of minutes instead of 
hours or days, the automatic Speedomax power 
level recorder is the answer. 

All of these Speedomax Recorders, and many 
others, are standard instruments. Even in the 
rare cases where there’s no standard recorder to 
meet a need, modifications are usually available to 
enable you to record any electrical signal. 

We can give impartial service or, if you wish, 
advice, on either manual or automatic instruments, 
for we produce both. You can get the facts from 
our nearest office or from 4992 Stenton Ave., 
Philadelphia 44, Pa. 


LEEDS NORTHRUP 
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Do you belong in IBM Applied Science? 
This Consulting Job is now open! 


Recently promoted, this man formerly 
worked as an IBM Applied Science Repre- 
sentative out of the Boston office. Using 
electronic digital computers, he developed 
methods for solving commercial and scien- 
tific problems in mathematical language. 
Working with many New England indus- 
tries and institutions, he found a new chal- 
lenge every week. He outlined the methods 
for designing a giant transformer; for 
shielding a nuclear reactor; for investigat- 
ing the mathematical aspects of sales fore- 
casting. He also assisted colleges and uni- 
versities teaching computer applications. 


Could you fill it? 


Rewarding careers are open to men with 
degrees in: 


® Chemistry ® Mathematics 
© Economics © Physics 
® Engineering ® Statistics 


A previous knowledge of computing is 
not necessary. IBM will pay for your 
training. 

Throughout the United States, IBM 
maintains approximately 100 Applied 
Science offices. You may request assign- 
ment in the location that is most desir- 
able to you. 

IBM Applied Science has quadrupled 
its staff during the past three years. In 
1956, over 70 promotions were con- 
ferred. Doesn’t this growth factor alone 
suggest more room for your abilities — 
more professional growth? 

Why not act today? Please write to: 

Mr. W. E. Leavitt 

Manager of College Relations 

Dept. 10506 

International Business Machines Corp. 

590 Madison Avenue 

New York 22, New York 
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| Responsibilities: 


® Advise customers and prospects of 
the scientific and technical applica- 
tions of IBM electronic equipment. 


® Analyze customers’ technical prob- 
lems in terms of machines and their 
applications. 


| 
| | 
| | 
| | 
| 
| ® Deliver talks about the computing | 
| field—supported by demonstrations— | 
to customers, prospects, scientific 
| groups, and IBM personnel. | 
| ® Maintain constant and close contact | 
| | 
| | 
| | 
| | 
| 
| | 
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with the cust s’ top g 
and associated IBM executives. 

® Continually analyze customer appli- 
cations and develop new machine 
uses. 

® Arrange for training of customers’ 
executives, methods analysts, and op- 
erators of IBM electronic equipment. 
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REMOTE LIQUID 
LEVEL INDICATOR 


Now ...a more accurate check on hard-to- 
see overhead boiler water gages... right in 
front of your eyes on the instrument panel or 
other convenient place. 

Operated by the boiler water itself... by the 
pressure differential between a constant head 
of water and the varying head of water in 
the boiler drum. 

Indicating mechanism is never under pres- 
sure, due to unique magnetic transmission 
from pressure side to indicating side of instru- 
ment. Action is instant, constant, frictionless. 
There are no stuffing boxes. Mechanism is per- 
fectly balanced on jewelled bearings outside 
of the pressure chamber. Suitable for all 
pressures up to 2500 psi. Bulletin WG- 1824. 


YARNALL-WARING COMPANY 
132 Mermaid Ave., Philadelphia 18, Pa. 


A COMPLETE PRINTING SERVICE 


Goob PRINTING does not just happen; it is the 
result of careful planning. The knowledge 
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Bell Laboratories researchers Henry S. 
McDonald, Dr. Eng. from Johns Hopkins, 
and Max V. Mathews, Sc.D. from M.I.T., 
examine magnetic tape used in new research 
technique. Voice waves are converted into 


sequences of numbers by periodic sampling 
of amplitudes, 8000 samples per second. 
General purpose electronic computers act on 
these numbers as a proposed transmitting 
device might. 


They send real voices on imaginary journeys 


In their quest for better telephone 
service, Bell Laboratories researchers 
must explore many new devices pro- 
posed for the transmission of speech sig- 
nals. For example, apparatus can be 
made to transmit speech in the form of 
pulses. But researchers must always 
answer the crucial question: how would 
a voice sent through a proposed device 
sound to the listener? 


In the past it often has been necessary 
to construct costly apparatus to find out. 
Now the researchers have devised a way 
to make a high-speed electronic com- 
puter perfectly imitate the behavior of 
the device, no matter how complicated 
it may be. Now, Bell Laboratories re- 
searchers obtain the answer without 
building any apparatus at all. 


The researchers set up a “program” 
to be followed by the computer. Actual 
voice waves are converted into a se- 
quence of numbers by sampling the 
waves 8000 times per second. Numbers 
and program are then fed into the com- 
puter which performs the calculations 
and “writes out” a new sequence of 
numbers. This new sequence is con- 
verted back into real speech. Listeners 
hear exactly how well the non-existent 
device could transmit a real voice. 


With this novel technique, new trans- 
mission ideas are screened in only a 
fraction of the time formerly required. 
Thus valuable time and scientific man- 
power are saved in Bell Laboratories’ 
constant search to provide still better 
service for telephone customers. 
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@ Stable pulse duration controlled by 
electric delay lines. 
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PROMINENT MEMBERS OF THE FRANKLIN INSTITUTE 
5. ALEXANDER DALLAS BACHE, 1806-1867 


BY 
THOMAS COULSON! 


If ever a man was saddled with the responsibility of having to live up 
to family prestige, it was Alexander Dallas Bache. He was the son of 
Richard Bache, one of the eight children of Sarah, the only daughter of 
Benjamin Franklin. His mother was Sophia Burret Dallas, daughter 
of Alexander J. Dallas, who was Secretary of the Treasury under Presi- 
dent Madison, and sister of George M. Dallas, Vice President to Presi- 
dent Polk. Although this relationship might be regarded as a handicap 
for a man to gain individual distinction, it was successfully overcome in 
this case. 

Dallas, as his friends chose to call him, was born on July 19, 1806, 
at 74 Walnut Street, Philadelphia. He wasa shy sober youth, without 
that humor and urbanity which developed at maturity. There is some 
doubt about the school he attended, but it was probably Clermont, a 
classical academy situated near Frankford. He completed his educa- 
tion here at the age of fifteen and went directly to West Point, where he 
was the youngest cadet on the rolls. The class started with sixty-five 
cadets and finished with only thirty-six. During his four years of train- 
ing Dallas maintained his place at the head of his class. It was related 
of him during these years he was impressed beyond his years with a sense 
of the responsibility that would devolve upon him as the senior member 
of a large family. The necessity for cultivating this sense of responsi- 
bility was real. His father, one-time postmaster of Philadelphia, was a 
rover who had gone off to Texas, and it is improbable the boy ever saw 
him again. Dallas was also conscious that his descent from Benjamin 
Franklin imposed upon him more than an ordinary responsibility. 


! Director of Museum Research, The Franklin Institute, Philadelphia, Pa. 


(Note—The Franklin Institute is not responsible for the statements and opinions advanced by contributors in 
the JouRNAL. 
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As this feeling of what amounted to dedication grew upon him, it 
produced a change in his character. For, when a child he is said to have 
been quick tempered, a characteristic that was replaced by gentleness 
and an evenness of temper that endeared him to friends, although he 
was capable of sudden gusts of anger that were the more conspicuous 
and effective because of their rarity. Another trait of character de- 
veloped in these early years was a firm determination that whatever he 
had to do would be well done. Asan example of his youthful persistence 
in accomplishing a task, a story tells that, when he had to prepare a 
recitation of unusual length or difficulty, he would prop himself upon a 
stool of uncertain equilibrium which collapsed whenever his thoughts 
wandered from the task in hand. 

After graduation, Dallas remained at West Point as assistant pro- 
fessor of engineering. He remained at this post for one year before 
being transferred at his own request to regular army life. He was as- 
signed to engineering duty at Newport, R. I., for work on the construc- 
tion of Fort Adam. Here he read voraciously, especially on physics 
and chemistry. It is interesting that during his leisure he made a scien- 
tific study of the shells found in the neighborhood. The social amenities 
of the place were not overlooked and Dallas had the opportunity to meet 
Nancy Clarke Fowler, who inspired him with thoughts of matrimony. 
The support of a wife, his mother, and her brood of children upon a 
lieutenant’s pay caused this anticipated pleasure to be postponed in- 
definitely. After two years of army duty, the chair of natural philos- 
ophy and chemistry at the University of Pennsylvania was offered him. 
This unexpected windfall made marriage possible. 

Dallas Bache entered upon his new duties as professor in October, 
1828, when he was twenty-two years old, younger than many senior 
college students of today. The change in location was acceptable. He 
was back among the friends of his childhood, and he rapidly enlarged the 
circle of acquaintances. Within six months of his arrival in Philadelphia 
he was elected a member of the American Philosophical Society and of 
The Franklin Institute, one founded by his great-grandfather and the 
other bearing his name. Both these societies provided him with the 
stimulation for scientific research and sharpened his debating powers. 

Association with the Institute proved to be invaluable, since it 
brought him into contact with the principal manufacturers, engineers, 
and artisans, and it enabled him to establish friendly relations with the 
younger generation of men who were to extend their influence over 
public affairs. The practical knowledge he acquired from this associa- 
tion was useful to him as a teacher. At the University he was able to 
provide demonstrations of a few scientific principles, but there was no 
laboratory work for the students. Most of the instruction was book- 
work supplementing the professor’s lectures. With the practical 
knowledge he secured through his Institute connections, Bache was 
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enabled to make his lectures much more interesting to his students by 
associating his teaching with the practical applications of the principles 
under study. 

It should be remembered this was a notoriously stormy period in 
college history, when the insubordination of the students was a cause for 
grave complaint. However, it is related of Bache that his students had 
so high a regard for him, there were no reports of disorder in his class- 
room. 

Another advantage he enjoyed through his membership in the In- 
stitute was that workshops were thrown open to him where skilled hands 
were to be found that could execute his ideas. 

His energy in those University days was prodigious. Although he 
had to meet three classes a day, Sundays excepted, he still found time 
for private research, attendance at meetings of the learned societies he 
had joined, and to attend to social duties. He was placed upon several 
committees because of his willingness to work. Such activity could not 
have been maintained over any great length of time without a well 
organized day, in which each occupation was allotted a certain time. 
He drew up a schedule of hours, and he tried to keep within it. 

A generous amount of time outside the hours of teaching was devoted 
to committee work for The Franklin Institute. The reports of stated 
meetings held between the years 1828 and 1835 bear testimony to the 
regularity of his attendance and of the lively interest he took in the pro- 
ceedings. But it was in committee work that his influence was mainly 
felt. He served on several of the committees, notably those on meteoro- 
logy, inventions, meetings, and publications, and he was conspicuous in 
the work of the special committees appointed to investigate water 
power, steam-boiler explosions, weights and measures, patent law, etc. 

His dynamic personality had a great deal to do with the success of 
the committees that investigated water power and steam boilers. He 
devised many of the experiments that were performed. In the case of 
the boiler-explosions investigation he frequently conducted the tests 
that called for physical courage of a high order for, in the absence of 
acquired experience, danger was present at every stage. There were so 
many resounding explosions of boilers under test, that the residents of 
the immediate neighborhood were moved to protest against the dis- 
turbance of their peace. 

The reports of this committee were highly appreciated, for they 
incorporated proposals and recommendations that were to influence 
boiler construction and maintenance for the next forty years. 

Bache’s interest in the Institute’s activities was recognized in 1831 
by his election to the Board of Managers, in which office he remained 
until 1839, when he was made Corresponding Secretary. He retained 
this office until 1843, when he left Philadelphia for Washington. 
During the years when he was so active in the work of the Institute 
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and in the American Philosophical Society, he was engaged in conduct- 
ing his own independent research. He had constructed an observatory 
in the garden of his home on ‘Chestnut Street near Schulkill Sixth,” 
now 17th Street. Working here with the assistance of his wife and John 
F. Fraser, a former student, he determined with accuracy for the first 
time in this country, the periods of the daily variations of the magnetic 
needle and, by another series of observations, the connection of the vari- 
ations of the direction of magnetic force with the appearance of the 


aurora borealis. 
This marked the effective beginning of a lifelong interest in geomag- 


netism. 

At his home he also made a series of investigations with Fourier’s 
thermoscope of contact. Finding the results to be unsatisfactory, he 
developed a new thermoscope of contact better adapted to his purpose. 
The elaborate apparatus he had constructed for this work had involved 
him in the outlay of more money than he could conveniently afford 
when his mother, entering the room in the dark, accidentally overturned 
the whole glass construction. He did not attempt to reconstruct it, 
and the incident has been preserved to illustrate his remarkable control 
over his emotions rather than for the nature of the studies he had pro- 
posed to make. It is related that no word of reproach escaped his lips. 

The study of meteorology occupied part of his time, not only on the 
Institute committee concerned with the organization of observers, the 
distribution of instruments, and the collection of records, but also in 
independent research. He formed an intimate friendship with James 
P. Espy, known as the “Storm King,’’ with whom he made a minute 
study of the track of a tornado which visited New Brunswick, and estab- 
lished the fact that the effects of this type of storm were due to an 
ascending and progressive column of air. 

But his principal interest was with terrestrial magnetism. To this 
field he always returned after his attention had been diverted by some 
phenomenon or task that claimed his time. 

In 1836, the whole of his energies were directed into a fresh channel. 
Five years earlier, the famous financier and merchant Stephen Girard 
had died, providing in his will a generous fund for the establishment of 
a school for orphans. Bache was selected by the Board of Trustees (one 
of whom was Samuel Vaughan Merrick, founder of The Franklin Insti- 
tute) to be president of the projected Girard College. 

There was no precedent in this country for a school such as Girard 
had contemplated, and the trustees were determined to provide the 
students with the very best education available. Bache was instructed, 
therefore, to make an unhurried tour of Europe for the purpose of visiting 
schools, and to collect the information that would enable the trustees to 
build an organization and decide upon a curriculum designed to give the 
best expression to the founder’s intentions. 
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Bache’s tour took him through Britain, France, Germany, Austria, 
Italy, and Switzerland. He visited all the schools and colleges of any 
repute and made detailed inquiries into all phases of their work. His 
reputation as the great-grandson of Benjamin Franklin secured him an 
introduction to all the scholars of Europe who were interested in educa- 
tion, and he took the opportunity to secure their views on the subject. 
He was received everywhere with marked attention because, apart from 
his ancestry, his published researches had furnished him with a wide 
personal reputation among scientists. 

He did not want for any variety in his experiences. He visited 
quarries, iron works, dye works, gas works, a carpet factory, a coal mine, 
docks and warehouses. Nor did he neglect social functions. Indeed, 
he so crowded his days with engagements that he began to suffer from 
fatigue and was delighted to have the company of his friend Joseph 
Henry of Princeton, with whom he “‘did”’ some of the sights and forgot 
the problems of education for the time being. The pair had an enjoyable 
experience scouring the stores of the different instrument makers in 
search of scientific apparatus for their colleges, which was unobtainable 
in their own country. 

On his return to Philadelphia, Bache presented the trustees of the 
college with a voluminous report in which he furnished an exhaustive 
analysis of all he had seen and heard during his European tour. He 
stated more than facts derived from his observations of the various school 
systems he had seen, for he offered many inferences and deductions he 
had made. When the report was published it was accepted as the most 
comprehensive work on education available in America, and it had a 
marked influence upon the theory of education in this country. 

However, the trustees were not yet in a position to implement the 
many ideas he advocated for adoption. They were having difficulty in 
getting a settlement of the funds Girard had bequeathed for the founda- 
tion of the College. The buildings were still incomplete. The president 
was condemned to inactivity at the time he was most desirous of apply- 
ing the knowledge he had gained on his European visit. 

It chanced that the Central High School had been in operation for a 
year without any principal. Seeing an opportunity to apply some of 
the new ideas he had developed from his recent experiences, Bache 
offered his services to the school and, in 1839, he was appointed to the 
vacant post of principal. As an example of his integrity, it should be 
noted that he renounced his salary as president of Girard College (al- 
though he retained the post) as soon as it became apparent the trustees 
were not prepared to open the school so that he could exercise the func- 
tions of his office. This voluntary sacrifice compelled him and his wife 
to adjust themselves to living upon the reduced salary received from the 
city for his work at the High School. 

Bitter acrimony developed between the trustees of the College and 
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the city authorities over the disposal of the funds in Girard’s bequest. 
Bache held himself aloof from the dispute and emerged from it with the 
respect of the disputants on both sides. His administration of the High 
School won for him the esteem of the city authorities, and the results he 
obtained justified them in asking him to assume responsibility for super- 
vising all the public schools in the city. In this office he also met with 
conspicuous success. 

There are many tributes paid to Bache as a schoolmaster and teacher 
but none were warmer than those paid him by his former students. He 
was the founder of the Bache Institute, an organization of alumni origin, 
and years later the Alumni Association of the Central High School 
honored his memory by creating the Alexander Dallas Bache Physics 
Prize. 

During his visit to European countries he had diligently pursued his 
investigations into terrestrial magnetism, making frequent measure- 
ments relating to dip and intensity at the various places he visited. 
On his return to Philadelphia he persuaded the trustees of Girard College 
to build an observatory of his own design, with wooden walls, copper 
nails, brass hinges, foot-thick partitions, and double doors, and gener- 
ally with a total absence of the iron or any condition that would interfere 
with observation and making precise measurements of the earth’s mag- 
netism. In this building a series of observations were made at frequent 
intervals, day and night, during the years 1840-45. When Bache could 
no longer supervise the work of the corps of observers the elaborate 
program was continued under Professor John F. Fraser, who shared his 
former tutor’s enthusiasm for the subject. At a later date, Bache was 
to make a painstaking analysis of the vast accumulation of data which, 
with an interpretation of the results, was published in three volumes 
under the Topographical Bureau of the Federal Government. This re- 
mained the authoritative work on terrestrial magnetism for many years. 

Meanwhile, Bache’s career had undergone another change of direc- 
tion. His successor at the University of Pennsylvania had resigned. 
The teaching there had failed to maintain the high standard Bache had 
set, and the Board of Trustees were desirous of restoring it. They in- 
vited Bache to return to his old chair, and he promptly accepted the 
invitation. Relieved of the cares of administration, he threw himself 
enthusiastically into teaching, an occupation for which he displayed a 
natural talent and one which afforded him full opportunity to cultivate 
his interest in people and their development. In a sense, it was un- 
fortunate that this renewal of association with the University was to be 
of short duration, for he had great talent for working with young people 
and encouraging them to work toward a high intellectual standard. 

At the suggestion of his many friends in the American Philosophical 
Society he was persuaded in 1843, to apply for the appointment as 
Superintendent of the United States Coast and Geodetic Survey. This 
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bureau had been established by Thomas Jefferson on the suggestion of 
the Swiss-born engineer Ferdinand Hassler, who was the first to fill the 
office of superintendent. For various reasons, but mostly because of 
policy changes dictated by the government, little more than a beginning 
had been made upon the important work the bureau was intended to 
perform. Bache’s application for the post was approved. 

Under his superintendence the work underwent a great change, and 
he was able to attain a remarkable degree of accomplishment. Because 
of this survey countless ships and the lives of their crews have been 
saved from the rocks, shoals, and reefs of the coast. The channels of 
the seaboard have been explored and recorded upon charts. Ocean 
currents have been charted, variations of the compass needle and its 
rate of change have been determined. Tidal laws were formulated and 
accurate tide tables have been published for the guidance of mariners. 

When Bache took office only the surface of the work had been 
scratched. The survey had been restricted to the coast between Point 
Judith on Rhode Island and Cape Henlopen at the entrance of Delaware 
Bay. He devoted his first year to fixing his bearings in the new work 
and to making the influential friends necessary to liberate the survey 
from the domination of the politicans who had restrained its develop- 
ment. When this experience had furnished him with the required 
knowledge of the situation, he was in a position to embark upon a greatly 
extended program, although one can perceive caution in his haste to 
produce results. One of the significant features of his conception of the 
task confronting the survey was his approach to the work in a manner 
that would ensure broader government support. Instead of limiting 
the survey to the coast immediately north and south of New York, he 
instituted a number of widely separated stations. This geographic 
expansion had the practical advantage of gaining support from the 
representatives of more states in the constant struggle for adequate ap- 
propriations. The wider support thus obtained ensured the expansion 
of the work undertaken by the Survey. 

Bache was not unmindful of the need to have the approval of his sci- 
entific colleagues and the public at large. He invited the co-operation 
of the American Association for the Advancement of Science to express 
an opinion upon the usefulness of the work, and the members responded 
with a strong endorsement of its national magnitude and character. 
He used both shoe leather and pen to secure a larger annual appropria- 
tion. In this regard he met with success, but while he was able to have 
the appropriation doubled, the amount of work he had taken in hand 
had trebled the activities. This failure to keep financial support in 
step with achievement at times caused him despondency, but he never 
ceased to fight for more money to continue the work on the broadest 
scale. Nor did he ever permit discouragement to lower the quality of 


his staff’s work. 
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Not all of his time was devoted to desk work. He tried to spend as 
much time as possible in the field, but he found the annual report he 
had to prepare for Congress a severe hindrance to freedom of movement. 
Each report covered several hundred printed pages, with many maps 
and plates, so that he was confronted with a formidable task in compil- 
ing them at the end of each year. Although these reports demanded a 
great deal of painstaking preparation, he was able to make arrangements 
whereby he could complete the work on them while continuing his field 
work. The reports were dated from sites on his field trips ranging from 
Maine to North Carolina. 

In the twenty-odd years Bache was superintendent of The Coast 
and Geodetic Survey he raised its status from insignificance to the first 
rank. This was largely due to his personal direction of his staff's work ; 
to his wise selection of qualified assistants who were able to obtain the 
maximum results from the amount of effort applied ; and to his introduc- 
tion of the instruments especially designed for promoting the work. 
The apparatus he designed for measuring base lines furnished an ac- 
curacy that was almost unbelievable. An immense triangulation run- 
ning from the farthest corner of the State of Maine to the southern tip 
of Florida, in which thousands of triangulations were made, was found 
to be only eighteen inches out when completed. Numerous other instru- 
ments were made that won the admiration of those best qualified to 
appreciate their merits. 

The most satisfactory aspects of his association with The Coast and 
Geodetic Survey was the improved staff he assembled about him. There 
was an intimacy in the staff relations rarely to be found in operations 
that were carried out over a widely extended geographical area. He still 
had to exercise some of the functions of a teacher. When he engaged a 
new member of the staff, he kept in touch with the newcomer, either 
personally or through a lieutenant, checking the accuracy of his work, 
encouraging his enthusiasm, and giving him hope. As a result, the 
entire staff was devoted to him. 

In addition he enlisted the services of the best scientific men in the 
country, either as regular members of the staff, as temporary assistants 
to undertake special tasks, or as friends who, for the love of the man and 
interest in his work, were always ready to contribute advice or co-opera- 
tion. 

During the entire time he was engaged with The Coast and Geodetic 
Survey, Bache kept in close touch with his scientific friends. One rea- 
son for this was because he wished to be kept informed of the unusual 
young men whom he could recruit into the service of the Survey, but 
more particularly because he had to keep abreast of progress in the sci- 
entific world. This was of primary importance because of the excep- 
tionally wide field he had to cover, for his scientific range covered every- 
thing between life on the ocean floor and the stars in the heavens. 
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In 1833, Bache had been actively engaged at The Franklin Institute 
on a committee charged with the investigation into the standards of 
weights and measurements in the State of Pennsylvania and the super- 
vision of the construction of the standard units. Ten years later he was 
appointed Superintendent of Weights and Measures of the United 
States. This work had been entrusted to Hassler in 1835, but little 
progress had been made in completing the work. Bache infused energy 
into the accomplishment of the task, completed the necessary standard 
units, and distributed them to the customs houses throughout the 
country. This department was the progenitor of the Bureau of Stand- 
ards which found so many ardent advocates in The Franklin Institute, 
notably Professor Munro Snyder of the Central High School. 

Although primarily a scientist, he did not confine himself to the 
study of pure science, but was deeply interested in technical develop- 
ments, and was quick to take advantage of any that could be usefully 
employed in the work of the Survey. From his earliest days in office as 
superintendent he urged the use of steamboats to replace the sailing 
vessels the bureau owned and operated. He early saw the advantages 
of the electric telegraph as a means of rapid communication, and freely 
employed it in his official work. Among other technical advances he 
introduced were the use of photography for the reproduction of charts, 
and electro-typing for the multiplying of copper-plate engravings. 

When the government received the Smithson bequest for the founda- 
tion of an institution for the promotion and diffusion of knowledge, there 
followed a wild scramble by legislators and the public for a share of the 
funds to carry out local or restricted institutions. Bache, asa recognized 
leader in scientific thought, was named to the Board of Regents of the 
Smithsonian Institution. He was largely instrumental in persuading his 
friend Joseph Henry to accept the secretaryship of the Institution, and 
the two men led the battle to secure a firm observance of Smithson’s 
intention against the misinterpretation of his wishes that would have 
frittered away the funds on projects remote from the donor’s purpose. 
Henry bore testimony to his friend’s ardent support at times of difficulty. 
Bache had a habit of avoiding discussions in which elaborate arguments 
were introduced, but would patiently listen until the moment arose when 
the difficulty of arriving at a settlement seemed apparent, and then he 
would intervene with a judicious suggestion that rarely failed to meet 
with general approval. He employed this faculty with great effect in 
his relations with legislators and government officials with whom he was 
frequently brought into contact. 

The middle of the nineteenth century witnessed a surge of activity in 
the scientific and educational fields, but as it was also a time when 
intellectual labors were threatened with submergence beneath a rush of 
“‘get-rich-quick”’ projects, Bache fought energetically for the organiza- 
tion of scientists to secure recognition and to obtain results more 
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quickly in the scientific world. He had perceived the advantages of 
organization in his association with The Franklin Institute and the 
American Philosophical Society. He had also been an active member 
of the American Association for the Advancement of Science from its 
inception. During his term of office as president of this latter group 
(1850-51) he delivered an address at the Albany meeting in which he 
advocated the organization of scientists on a national scale which would 
provide a panel of qualified men from whom advisory boards could be 
drawn to assist government officials needing specialized assistance. 
With the scientists organized in a compact body they would be more 
effective in advancing their claims to recognition than if they acted 
through small special groups. 

This proposal did not evoke an immediate response, but a national 
emergency forced it upon the government’s attention during the Civil 
War and brought about part of the desired result. 

During the period of the unhappy conflict between the states, Bache 
could have maintained an attitude of scientific indifference to politics 
had not his sense of responsibility urged him to bear a full share of the 
burden. As soon as the crisis was imminent, he brought in all his staff 
and their vessels from the South and prepared them to undertake other 
duties. As the regular engineer officers of the army had to be used in 
the line there would have been a shortage of topographical maps for the 
Union forces, had not the experienced men on the Coast and Geodetic 
Survey taken over the major part of the work of furnishing them. The 
coast and inlet charts they had prepared were of the utmost importance 
to the blockading vessels of the Navy. 

Outside his office he found other employments. He served as the 
vice-president of the Sanitary Commission, the forerunner of the Red 
Cross. This was no sinecure as he had to bear the burden of responsi- 
bility for the organization of the voluntary workers and the raising of 
funds. He threw himself into the work with the same energy and 
enthusiasm that characterized everything he undertook. 

Bache was frequently cailed into consultation by the Navy when 
naval operations were under discussion, and by the Army when com- 
bined operations were contemplated. At the request of the Governor 
of Pennsylvania he planned the defenses of Philadelphia, and he found 
time amid the multitude of his duties in Washington to attend person- 
ally to the supervision of the construction of the defense works. 

The heads of the government were plagued during the course of the 
war with suggestions by patriotic but misguided persons who professed 
to have ideas for the conduct of hostilities. Many of these proposals 
were of a technical nature for which the harrassed officials had neither 
the time nor the qualifications to examine. Others were on the border- 
line between fantasy and genius which made them difficult to evaluate 
without an expert’s knowledge of the subject. The Secretary of the 
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Navy was especially afflicted with these proposals, and he formed a com- 
mittee comprising Bache, Joseph Henry, and Rear-Admiral C. H. Davis 
to whom difficult technical problems were submitted for examination 
and recommendations. This committee was undoubtedly able to save 
the government millions of dollars by preventing the adoption of plausi- 
ble but impracticable proposals that could only have resulted in failure 
and loss. 

There have been conflicting claims to the authorship of the original 
proposal for the foundation of the National Academy of Science, but it is 
generally conceded that the impulse came from Bache. He had worked 
consistently toward this end from the time he had introduced the idea 
in his Albany address. The conception crystallized at a dinner given 
at his home where the support of Senator Henry Wilson of Massachu- 
setts was gained. The senator introduced the necessary bill before 
Congress to incorporate the Academy on the lines Bache had advocated, 
and President Lincoln gave his approval on the day the bill was passed. 

Election to membership of the Academy was a distinction since, in 
Joseph Henry’s words “‘it should be exclusively composed of men dis- 
tinguished for original research, and that to be chosen one of its mem- 
bers would be considered a high honor.’’ The original members met in 
New York in April, 1863, and elected Bache as president. 

The organization of the Academy was not completed until too late 
for its members to give effective aid to the prosecution of the war but it 
had peace-time functions to discharge. Bache had always been inter- 
ested in the subject of weights and measures and was inclined to favor 
the adoption of the metric system. At his suggestion a committee of 
the Academy members was appointed to make a comprehensive in- 
vestigation of weights, measures, and coinages, and to make recom- 
mendations to the government if the members could suggest the intro- 
duction of any improvements to the system in use in this country. 
Although the matter was of deep interest to him he was unable to 
participate in the work of this committee. 

He had developed a numbness in his fingers which distressed him 
and, still worse, he began to suffer from lapses of memory. However, it 
was his wish to continue his daily tasks and he was only prevented with 
difficulty from attempting to discharge his normal functions at the 
Survey. Failure of memory increased so rapidly that it was thought 
the excitement of a sea voyage and the novelty of life abroad might 
have a salutary effect. 

Accordingly, a trip to Europe was arranged during which there were 
periods when his normal faculties were restored, but these became only 
brief flashes of his former self, and their recurrences came at longer and 
longer intervals. After eighteen months of travel he was brought home 
without hope of any permanent recovery. He survived only a few 
months and died at Newport, R. I. on February 17th, 1867. 
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Bache’s principal contributions to science were in the field of geo- 
magnetism. Apart from the three formidable volumes on the observa- 
tions made at Girard College, he published several papers on terrestrial 
magnetism. The most extensive of these appeared in the Smithsonian 
Contributions to Knowledge, based upon unpublished material derived 
from these observations. His magnetic survey of Pennsylvania was the 
first detailed regional study of the kind made on this continent. It was 
a labor undertaken during his summer vacations and made entirely at 
his own expense. But the breadth of his scientific grasp is best revealed 
in the voluminous reports presented to Congress on the work of the 
Coast and Geodetic Survey. 

The associations he formed at The Franklin Institute and the Ameri- 
can Philosophical Society did much to broaden his interests and to de- 
velop his faculty for investigation. It seems altogether probable he 
would have had a distinguished career as an experimental scientist had 
not the appointment to the post as president to Girard College diverted 
his mind into other channels. Here he applied himself to the study of 
education and left his mark on that field of activity. Had he made it 
the object of his life’s work, he would have become famous in the field of 
education. But a return to scientific work brought fresh rewards. 
Leadership in important scientific societies caused him to be accepted 
as preéminent in the world of American science. 


AN OPTIMUM PURSUIT PROBLEM 
BY 
G. LEITMANN ! 
ABSTRACT 
The optimum thrust direction of a rocket fired from a fighter plane pursuing a 

constant velocity target is determined with a view towards maximizing the initial 
stand-off. It is shown that for flight im vacuo the optimum thrust direction remains 
constant. 

INTRODUCTION 


For various reasons, primarily for pilot protection, it is desirable 
that a fighter pilot in pursuit of a target be able to launch rockets at the 
greatest possible distance from the target. Since many pursuit courses 
occur at very high altitude, we shall consider the idealized case of flight 
in vacuo. Furthermore, the acceleration of gravity will be assumed con- 
stant. The problem is then: For a given rocket configuration, that is 
rocket mass, thrust magnitude, and burning time, what is the desired 
direction of the thrust vector in order that the initial stand-off (fighter 
to target range) be maximum? It is further assumed that the target 
flies with known, uniform velocity and that the altitude difference be- 
tween pursuer and target at launch is also known. Only the case of 
pursuit in the vertical plane will be considered. 


THEORY 
Let t = burning time 
x,y = Cartesian coordinates of the rocket i re pe rs free — 
(in inertial frame) x 2 je dicht boris aoe 

p,q = velocity components of the rocket PRA cc ‘a a yente’ wl ep 

v = rocket velocity (speed) g = gravitational acceleration 

Vr = target velocity L = initial stand-off 

1,, lg = direction cosines of thrust vector Subscripts: 

¢ = direction angle of thrust vector SeaaCripes : 

t = time 0 = conditions at launch 
m(t) = rocket mass b = conditions at burn-out 
T(t) = thrust t = conditions at impact 


Figure 1 shows the situation under consideration. The origin of the 
inertial coordinate system is taken at the point of launching. The 
equations of motion are 


T 
p = 1l,— 

m 
iat T 
eats” 298. (1) 
p= 
q=7 
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and 
1? +12 = 1. (2) 
The total horizontal range is 
X = % + X (Mo, Po, qo) (3) 


= X(x», Yo, Po, Qo). 


IMPACT 


3 
a 
LAUNCH 
Fic. 1 
For “neighboring” trajectories? 
T 
bp > m 51, 
T 
bp = b4% 
bg = by 
and 
1,61, 4 161. = 0. (5) 


The initial stand-off is given by 


L = X — Vr(ty + ty) 6) 
Xe + (po — Vr)ty — Voto. 


However, the time of free flight is 


ty = gL gr + Vg? + 2g(m — ys), (7) 


2See A. R. Forsytn, “Calculus of Variations,” New York, Cambridge University Press, 
1927. 
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where the + sign is chosen to obtain the larger value of L, Eq. 6, since 
pb» > Vr in order to make impact possible. Thus 


L = L(x, Yo, Po» Qo) (8) 
and in order that L be maximum? it is necessary that 


OL OL OL OL 
6L = — 5 — § — 56 — bq, = 0. 9 
ram x» + ay, Yo + ape Pr + des Jo (9) 


From Eq. 4 


th 1 gt 


tw T 
th Y y 
bX» pm bX = f (ty oun t) ~—— él ,dt + tdpo 
0 m 
tb T 
dye — bo = f (ty = t) — 6l.dt + t5qo. 
0 m 


The rocket is launched with known velocity, the velocity of the 
launching aircraft, that is 


pb = po (11) 
q = Yo 
so that 
5po = 5qo = 0. (12) 


Since the position of launch is fixed (origin of coordinate system), 
bx» = byo = 0. (13) 
Thus, Eqs. 9, 10, 12 and 13 lead to 
*{faL 1, 4 aL khéeL|T 
— —--—I|(4%-t — — —— ;— dd = 0. 14 
J. {{ 24 12 OY» (ts ) . Op, 299 m : ( ) 
In view of the arbitrariness of 6/,, its coefficient must vanish,? so that 
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However, 
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Me ’ ay, 
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From Eq. 17 it is seen that the direction of thrust is time-independent, 
that is, constant. Since /; and /. are time-independent 


x» = Acos o + pol, 

yy = Asin ¢ + gots — 3 gt? (18) 
pbs = Boos ¢ + po 

g = Bsin ¢ + qo, 


II 


where 
th ‘i 
A= f (t, — t)—dt 
0 M1 
th T 
B= dt 
0 mM 


so that 


[(B sin ¢ + qo)? + 2g(A sin 9 + gol — 4gh? — y,)} (19) 


cot g¢ = — 
. Bcos ¢ + po — Vr 


Finally, Eq. 6 with Eqs. 7 and 18 yields the maximum stand-off, L. 
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The equation for the direction of thrust, Eq. 17, expresses a neces- 
sary condition for the existence of a stationary value of the stand-off, L. 
It is fairly simple to show that the second variation of L is given by 


r 


&®L=—g (5, Vt) ipsa + by»), (20) 


where Teo) "ee Her we” 
V = Vqu? + 2g(y — i). 


Thus &Z < 0so that the value of L corresponding to the thrust direction 
given by Eq. 17 is indeed a maximum. 


504 


Chemical Switches.—A new type of 
switch to be used in the memory 
circuits of large computers has been 
announced by Mr. B. K. Green of the 
National Cash Register Company. 
Speaking at the International Sym- 
posium on the Theory of Switching, 
Mr. Green described the switch as 
incredibly tiny: a hundred million of 
them would fit on a surface one inch 
square. 

Unlike previous switches, which 
worked mechanically (relays), or elec- 
tronically (vacuum tubes and tran- 
sistors), the new switch operates on 
chemical principles. 

Mr. Green said that tiny droplets of 
light-sensitive fluid can be used to 
store information and give it up 
again in tiny fractions of a second. 
In discussing this new development, 
Mr. Green said “The term ‘switch’ 
may be defined as a system capable of 
existing in at least two stable states 
and capable of being changed back 
and forth between these states. 

“The common switching principles 
in use today are mostly physical in 
nature. The switches to be discussed 
now are novel in that the two stable 
states will be provided by chemical 
rather than physical changes. How- 
ever, just as there are no definite 
boundaries between chemistry and 
physics, so there are no definite 
boundaries between chemical and 
physical switching principles.”’ 

When certain materials are exposed 
to lights of different colors the ma- 
terial itself will change color. This 
process can be reversed. This phe- 
nomenon, known as ‘“‘photochromism” 
provides the two stable states required 
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for switching action. When these 
photochromic materials are used in 
solution, they may be enclosed in the 
form of tiny droplets by capsules or 
cellular structures. An automatic 
process has been developed to produce 
many thousands of billions of these 
cells in a single batch operation. Each 
of these cells is a switching unit, about 
two and one-half microns in diameter. 
They can be made in single layers con- 
taining about 100 million per square 
inch, although Mr. Green stated that 
the practical limits may be somewhat 
lower. 

These switches may be changed 
from one state to another in about 
one one-thousandth of a_ second. 
Three different colors of light may be 
used to read, write, and erase the 
information in these synthetic mem- 
ory cells, so that the reading process 
does not destroy the information in 
the cells by changing their color. 

In discussing the chemical nature 
of the new switch, Mr. Green said 
“Many analogies have been drawn 
between the human brain and man- 
made machines. Generally, these 
analogies tend to ignore the chemical 
aspects of the brain and lay chief 
emphasis on the physical or circuitry- 
network aspects. I do not intend to 
stress these analogies, but merely 
state that we are working with new 
components. Basically, these are 
extremely different from conventional 
components, and much more closely 
allied to neuron and brain structures 
than are transistors, diodes, and 
magnetic cores, although it is not our 
intention to duplicate a neuron or a 
brain.” 


ROTATING DISKS WITH NO PLANE OF SYMMETRY * 


BY 
P. G. HODGE, JR.1 AND JOHN PAPA? 


ABSTRACT 


The state of stress in a rotating disk with no plane of symmetry perpendicular to 
the axis of rotation is investigated. Due to the variation of centroidal heights with 
respect to the radius, bending moments are induced in addition to the usual radial and 
tangential forces. 

The problem is defined in terms of direct stress and bending resultants in the 
radial and tangential directions, together with the extension and rotation of the cen- 
troidal surface. It is then reduced to the solution of two simultaneous second order 
linear equations for two stress functions. Various methods of solution are presented 
and illustrated in an example. 


1. INTRODUCTION 


The problem of determining the stresses in a rotating disk with a 
plane of symmetry normal to the axis of rotation has been extensively 
investigated and an abundant amount of literature on the subject is 
available.’ 

If the rotating disk is axisymmetric but has no plane of symmetry 
normal to the axis of rotation, the basic assumption made in previous 
investigations (that the stresses at any radius are constant over the 
thickness) is unrealistic. To see this qualitatively, we may consider the 
disk whose profile is shown in Fig. 1. It is evident that across an arbi- 
trary section AB, the material beyond AB will exert not only a centrif- 
ugal force, but also a resultant bending moment about the center of 
AB. A similar investigation of a rotating non-symmetric ray (2)4 
showed that bending effects could be of considerable importance. The 
present investigation, then, is concerned with a first approximation to 
account for this bending in the case of disks. 

The basic equations are derived in the next section, after first stating 
the relevant assumptions. These equations turn out to contain the 
direct stress and bending resultants in the radial and circumferential 
directions, together with the radial extension and rotation of the refer- 
ence plane. It is shown that these can be reduced to a pair of equations 
containing only the displacement variables, or to a different pair con- 

* The theory underlying this paper was developed while one of the authors (PGH) was 
Consultant to AiResearch Manufacturing Company, Los Angeles. Permission to publish 
these results is gratefully acknowledged. The complete paper is part of a thesis submitted by 
the other author (JP) in partial fulfillment of the requirements for the degree of Master of 
Science in Applied Mechanics at the Polytechnic Institute of Brooklyn. 

1 Professor of Applied Mechanics, Polytechnic Institute of Brooklyn, Brooklyn, N. Y. 

2 Structures Engineer, Republic Aviation Company. 

3 See, for instance, Reference 1, which contains several further references. 

‘ The boldface numbers in parentheses refer to the references appended to this paper. 
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taining only two stress functions. Only the latter approach is considered 
in detail. 

In Sections 3 and 4 an analytic solution of these equations is obtained 
for a particular class of disk profiles, and applied to an example. Per- 
tinent results are presented graphically. 

The remainder of the paper is concerned with alternative methods of 
solution. In particular, Section 5 generalizes a technique first used by 
Manson (3), while Section 6 is:concerned with an iterative procedure, 
based upon the corresponding symmetric disk as an original approxima- 


tion. 
Finally, the conclusions of the paper will be discussed in Section 7. 


| 
| 
| Z Y h, (e) 


B t 
hr) 
i =r 
p—st— 


—— b— 
Fic. 1. Example of a Fic. 2. Arbitrary non-symmetric disk. 
non-symmetric disk. 
2. BASIC EQUATIONS 
In the derivation of the basic equations, it is assumed that shear and 
axial stresses are small and may be neglected. Also, linear elements 
parallel to the axis of rotation are assumed to remain linear. Since the 
material is assumed to satisfy Hooke’s Law, this implies that the stresses 
are linear across the thickness of the disk. Further, the deformations 
are assumed to be small, so that all loads may be applied to the unde- 
formed disk. Finally, the weight of the disk is neglected, and the only 
forces acting upon it are those induced by rotation. 
Starting with these assumptions, we consider the disk shown in Fig. 
2, rotating about the z axis with an angular speed w. We define the 
mean height / and the thickness / of the disk by 


h(r) = (1/2)[h(r) + ha(r) ], (1) 
h(r) = har) — hi(r), (2) 


where h, and h, are the top and bottom surfaces, respectively. 
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The equilibrium of the disk will be expressed in terms of the direct 
stresses 7, and 7, acting upon an element (Fig. 3), and the bending mo- 
ments M, and M, computed about the mean height #. Also acting upon 
the element will be a body force F due to the motion. Due to axial 
symmetry, all quantities are functions only of the radial distance 7, and 


T, + aT, 


M,+a™M, 


Yo 
M, +4m, 
T,+ AT, 
{ 
l h(r¢ar) 
r 


Fic. 3. Equilibrium of an element. 


we need consider equilibrium only in the radial direction. Equating the 
radial components of force we are led to 


d(rT,)/dr — Ty + pw’r’*h = 0 (3) 
while moment equilibrium is expressed by 
d(rM,)/dr — MorT,dh/dr = 0. (4) 


These equations were previously obtained by Hodge (2), but no use was 
made of them. Since the moments have no effect upon the force equilib- 
rium, Eq. 3 is, of course, the usual equilibrium equation for rotating 
disks. 

Next, we consider the displacement of a linear element which was in- 
itially parallel to the z axis. Let u(r) be the radial displacement of the 
centroid, and let ¢(r) be the angle through which it is rotated, Fig. 4. 
The total radial displacement of the particle, initially at 7, z is then given 
by 
u,(r,2) = u(r) — [z — h(r) jo(r) 
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and the strains are 


e, = 0u,/0, = du/dr(z — h)do/dr + odh/dr 


« = u,/r = u/r — (2 — h)o/r. (9) 


Since the axial stress is neglected, Hooke’s Law may be written as 


o, = Ele, + ves)/(1 — v’) 


6 
a Rat eft — (6) 
It then follows from Eqs. 5 and 6 that 
h+h/2 , 
T, = f o,(7,z)dz = = E + 7. + of 
i—h/2 1— Ll dr r dr (7) 
h+h/2 _ Eh du. u =| 
T» = we o4(7,2)dz = yo q|-#4+%4 es 
= R+h/2 a ws ‘= s- do 4 
M, = | ae (h — z)o,(r,z)dz = ia — ») - +» : ™ 
‘a R+h/2 Mi : ss Eh® de 4 
wate . 0 AS * arse E wT? 


| oir) 


her) 


Fic. 4. Displacement of an element. 


Equations 3, 4, 7 and 8 represent six equations in the six unknowns 
T., Ts, M,, Me, u, and ¢. Together with suitable boundary conditions 
they provide a determinate problem for the resultants, displacement, 
and rotation. They may be reduced to a set of two second-order equa- 
tions by either of the same techniques which are useful in symmetric 
disk problems. Obviously, the substitution of Eqs. 7 and 8 into Eqs. 
3 and 4 yields two second order equations for u and ¢. However, since 
the boundary conditions are usually not given in terms of displacements, 
the resulting equations are generally not as useful as stress equations 
would be. A method of obtaining these latter equations is to treat 
Eqs. 7 and 8 as linear algebraic equations, solve for u/r, u’, ¢/r, ¢’, and 
eliminate u and ¢. This leads to 
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Ly Ens 9. a 
£G “MBE fo Te Ven Fe 


+= (M, -— »M,) =0 (9) 


r— Ms) = 0. (10) 


$ (We) » 54 (6) 
dr \ hi "ar\ ht 


Next, a pair of stress functions is defined by 


T, = WV/r, Ty = V' + pwr*h, 


11 
M, = x/r, Me =x’ — Wh’ (11) 


in order to satisfy the equilibrium equations 3 and 4 identically. Finally 
the substitution of Eq. 11 into Eqs. 9 and 10 yields two second-order 
differential equations for the stress functions. 


- di) ae Pe. rh’ = 
one (SS =| eos) |: 
+2R(% — SRE X) + (3+ routrh = 0 


r 


+ (1-34) x - (1-32) 
-[Y4 (149-3 ar 4 EY) 0. 


Equations 12 are generally similar to the defining equation 


(12) 


w4(1-2)*- (1 = mu) + (3+ »)pwrh = 0 (13) 


encountered in the theory of symmetric rotating disks, and to a similar 
equation in the theory of bending of plates. Therefore it is reasonable 
to hope that many of the techniques used in these connections will be 
useful here. Among profiles for which this has been done for symmetric 
shapes under bending or rotation may be mentioned Féppl’s solution in 
closed form (4) for 4 = hor, Gran Olsson’s solution as a hypergeometric 
series (5) for h = ho(1 — r)", and Pichler’s solution as an infinite series 
(6) for h = ho,~8"’®, 


3. ANALYTIC SOLUTION 


If the surfaces of the disk can be written as power functions ofr, 
Eq. 12 can be solved in closed form. For simplicity, it will be assumed 
that one surface is flat, hence we take 4; = 0, he = 2cr*. 
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It then follows from Eqs. 1 and 2 that 
h =2cr*, h=cr". (14) 
The substitution of Eqs. 14 into Eqs. 12 yields 
Ww’ + (1 — n)W’/r — (1 — nv—3n*)V/r? + (3n/cr") 
x (x’/r — vx/r?) = — 2cpw?(3 + v)r*t! (15) 
x’ + (1 — 3n)x’/r — (1 — 3nv)x/P? — ner 
xX [W’/r — (2n — »)¥/r] =0. (16) 
The complementary solution of Eqs. 15 and 16 is found by trying 
VW = Ar x = Brete, (17) 


Substituting Eq. 17 into the homogeneous equations corresponding to 
Eqs. 15 and 16, we see that A and B must satisfy 
(a? — na — 1 + nv — 3n*)A + (3na + 3n? — 3nv)(B/c) = 0, 


18 
(— na + 2n? — nv)A + (a? — na — 2n* + 3nv — 1)(B/c) = 0. — 


These equations will have a non-trivial solution only if the deter- 
minant of the coefficients vanishes. Therefore a must satisfy 


at — 2na*® — (2 + n*)a? + 2(1 + m*)na + (1 + 5n?*) 
+ 2nv(2a* — 2na — 2 — n*?) = 0. (19) 


The complete complementary solution may then be written as 


a 4 
VW = DAywr™, x = > Br, (20) 
k=1 k=1 
where q are the four roots of Eq. 19, and A, and B, are related by either 


of Eqs. 18 with a = a. 
To Eqs. 20 must be added the particular solution which will be of the 


form 

VW = prr+ xX = yr, (21) 
Substituting Eq. 21 into Eqs. 15 and 16, we see that 8 and y must be 
given by 


B =— 2cpw?(— 2n? + 3n + 8 + 3nv)A (22) 
y =— 2nc*pw?(— n + 3 + »v)A, (23) 

where 

A = (3 + v)[(— 6n* — 4n? + 48n + 64) 

+ nv(— 2n? + 12n + 32)}". (24) 
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The constants A ;, A2, A3, A, appearing in Eqs. 20 are to be determined 
from the boundary conditions. At r = 6 (the outer radius) the radial 
force and moment will be prescribed, so that, in view of Eqs. 11, 


79) =". x = x" (25) 


where ¥* and x* are known. If there are no “bucket loads,” then ¥* 
and x* = 0. For a disk with a central hole of radius a, the same rea- 


soning shows that 
V(a) = x(a) = 0. (26) 


On the other hand, for a solid disk, 7, = 7, and M, = M, at the center 
so that, by Eq. 11 


lim [W(r)/r — W'(r) ] 


lim [x(r)/r — x’(r) + V(r)h'(r)] = 0. 


0 


II 


(27) 


4. EXAMPLE 


As a particular example, let us consider the disk whose dimensions 
are shown in Fig. 5. For definiteness, Poisson’s ratio will be assigned 
the value v = 1/4. 

The disk is divided into two regions, the flat and curved regions, 
which we shall designate as A and B, respectively. Region A isa trivial 
case of a power function with c = 25/64, m = 0; in region B,c = 25/16, 
n=—2. 

It is readily verified that the functions 


a) ae Vi0 
Veomp = [sar + 3B/r* + (13 — 4V10) * (5) ‘ 
V10 
+ (13 + 4%) = () | ow (28) 


ig B  3K({r\* a5 65 vat 
koe = Gg T4r + + (5) + Ppp 


constitute a complete complementary solution in region B. However, 
Eqs. 21, 22, 23 and 24, cannot be used to find the particular solution in 


this case (n = — 2), since Y = r is part of the complementary solution. 
Indeed, if we set (n = —2) in Eq. 24 we obtain A = «©. However, we 
may seek a particular solution of the form 

Woot = (P+ QInr)r, xXpare = TInr/r. (29) 


Substitution of Eqs. 29 into Eqs. 15 and 16 then determines P, Q, and T. 
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Finally, then, the stress functions in region B of the disk are given by 


325 19 5 
Ve _ View + 128 r (> — 4 In r) | pw (30) 
25 [ / 2275 
Xo ™ Xems ~~ 16r? (22 r In | pw. (31) 


In Region A of the disk, the substitution of the parameters into 
Eqs. 15 and 16 leads to 


ny! i =) vipes 
Ww’ 4+ WW /r —V/r+ (= pw’r = 0, (32) 
x’ +x'/r -—x/r = 0. 


z 


HOLE REGION A REGION 8 


Z h= 25/32" err s/er’ 


F202)" 
r=2" 


reb-t 


Fic. 5. Illustrative disk. 
The general solution to these equations is easily seen to be 


Vy = (Dr + F/r — (325/1024)r* Jou? 


xa = [Gr + H/r ]pw?. a) 
The eight arbitrary constants in Eqs. 30, 31 and 33 may be deter- 
mined from the boundary and continuity conditions. No loads or mo- 
ments are applied at either edge, and at r = 2, all forces and moments 
must be continuous. Substitution of Eqs. 30, 31 and 33 into these eight 
conditions leads to a set of simultaneous algebraic equations. For the 
particular disk dimensions given in Fig. 5, these equations were solved 
by the Crout method (7) the results being 


A= _ 0.482540 L= 0.199392 
B = —11.793999 D= 3.893594 (34) 
K = = 1.742227 G = 0.529665 
F= 3.576211 H = —0.529665 
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The stress resultants are now found immediately from Eqs. 30, 31, 33 
and 11. Typical results are shown in Figs. 6 and 7. 

For design purposes it is usually desirable to know the actual stresses 
throughout the disk. Based on the assumption of linearity, these are 
completely determined by the stresses on the top and bottom surface, 
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Fic. 6. Tangential and radial forces. Fic. 7. Tangential and radial moments. 


g,,, 00, and @;,, o,, respectively. These, in turn, may be conveniently 
expressed in terms of direct and bending stresses defined by 


2" ian T,/h, i lm To/h 


35 
or, = 6Mr/h*, o, = 6M6/h’. (35) 
The surface stresses are then given by 
Or, = Org + Ory Ory = Fra — Ory (36) 
06, = Fa, + FH, Fo, = Fog — Fy. 


Typical results are shown in Figs. 8, 9 and 10. 

A further quantity of interest to the designer is the maximum speed 
w, for which the disk remains fully elastic. Assuming for simplicity that 
the material of the disk will yield according to the Tresca yield condition, 


Tmax = k, (37) 
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we see from Fig. 9 that this will first occur at the bottom of the inner 
edge. At that point 


Tmax > 7 = 9.87/ pw. (38) 
Assuming the values 
k = 30,000 psi., p = 0.772 X 10-* slugs/in? (39) 
we find 
w,. = 1982 rad/sec = 18,945 rpm. (40) 


Finally, we shall compute the displacement w in the axial direction. 
Since the slope ¢ is the derivative of w, it follows from Eq. 9 that 


dw/dr = 12r(My — vM,)/Eh?. (41) 


This equation is easily integrated, using the moment solutions just ob- 
tained. The resulting displacement curve is shown in Fig. 11. 
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Fic. 11. Disk displacement w. 


Obviously w is a maximum at the outer edge, and increases with the 
speed. Therefore, the maximum elastic displacement will occur at 
r = bwhenw =,. In viewof Eq. 40, the resulting displacement turns 
out to be 

Wrax = 5.727 X 10-*pw? = 0.0174 in. (42) 


Since this is small compared to the thickness of the disk at that point 
(w/h = 0.139), small deflection theory is applicable for this disk within 
the speeds for which the stresses are elastic. 
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5. NUMERICAL METHOD OF SOLUTION 


The solution just given is evidently laborious to obtain even in the 
case of a relatively simple disk profile. Further the method is useless 
unless h = 2cr". Therefore, it is desirable to investigate other possible 
methods of solution. Manson (3) has given a method of solving the 
symmetric disk in the case of arbitrary thickness, including thermal 
stresses and variation of elastic coefficients with temperature. His 
method can be generalized to include the same temperature effects in 
our case. However, for simplicity of exposition we shall here consider 
only the constant temperature situation. 

The method is based upon a direct numerical integration of Eqs. 3, 4 
and 10. Since subscripts will be used to denote position in the exposi- 
tion to follow, we shall rename the dependent variables: 


T,=w, T,=x, M,=y, M,=2z. (43) 


Also, we shall replace the differential equations 3, 4 and 10 by corre- 
sponding difference equations. Dividing the interval a < r < b into 
N sub-intervals, not necessarily equal, we evaluate each term at the mid- 
points of the intervals. Thus, a function and its derivation in the mth 
interval are given by 
f (tn) + f(rn-1) Ta + fa-1 
f= D - 9 


f’ _ f(s) — f(%a-1) Sn — fant (44) 


fe  Te-t Ar, 
Since Eqs. 3, 4 and 10 are linear in the dependent variables they may 
be written quite generally in the form 


A" 11Wn + A" 12%m + O*13Vn + A" 14on = A 15Wn—1 + A" 16Xn—-1 + O17Yn-1 + O"1s2n-1 + a%19 §©(45) 
A" 21Wn + A" 22%n + A" 23Vn + A 242n = A" 25Wn—1 + A™26%n—-1 + O"27Yn—1 + A 29Zn-1 + "29 (46) 
A" 31Wn + A" 32%n + A" 2xVn + A s4Sn = A 35Wn_-1 + A" s6%n—1 + O"37Yn—1 + GseZn-1 + 2% (47) 
A 41Wn + A" 42%n + A 43Vn + A 442n = A 45Wn—1 + A agXn—1 + A" 47Yn—1 + O%4s2n-1 + 2% (48) 
In particular, if we wish to identify Eqs. 45, 46, 47, 48 with the difference 


forms of Eqs. 3, 9, 4, and 10, respectively, then the a",; are given in 
terms of the parameters of the disk by 


a", = 7,/Ar a's = fn-1/Atn 
a%y,. =— 1/2 a", = 1/2 
a"; = 0 a", = 0 
a", =0 a", = 0 
aig = — 1/2pw? (rn2htn + n—12hn-1) 
a"2, = — v/hpAt, — (1 + v)/2rahn a's = — v/AnrAtn + (1 + v)/2%n-1hn-1 
a". = 1/hpArn + (1 + v)/2rahn a". = 1/hn-141n - (1 te v)/2r_—tha-1 
a"; = — 6v(h, — hin-1)/hn®Atrn a"2, = 6v (hn = Rn-1)/htn-129Atn 
a*y = 6 (hn —_ hn-1)/hn? Arn a". =— 6(hn - hn-1)hn—2Arn 


a" =0 
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a*®s =— 1/27 (An — Ra-1) Ar, a*35 = 1/2rn—1(Rn = hn—1) Af n 

as. = 0 a", = 0 

a"33 = 7n/Afn a"37 = Tn—1/ Ap 

a", = 1/2 a*33 = 1/2 
a*35 = 0 

a", = 0 a5 = 0 

a" = 0 ass = 0 

a%s3 = — v/hPAr, — (1 + v)/2rnhn?® aq, = — v/Ag_Atrn + (1 + v)/2ra-hn-? 

ans = 1/h,2Ar, + (1 + v)/2rnhn® anys = 1/hp_12Arn — (1 + v)/2%p-thn-1® 
a" = 0 


For definiteness in presenting the method, we shall as in Section 4, con- 
sider a disk with a finite circular hole at the center, although the method 
is readily extended to the solid disk. At the boundary r = a of the hole, 
the radial resultants are both zero. Therefore, 


We. = Jo = 0. (49) 


Thus there exist only two unknowns x, and 2) at the inner edge. There- 
fore, setting m = 1 in Eqs. 45, 46, 47, 48 and knowing the parameters 
a";;, we may solve Eqs. 45, 46, 47 and 48 for wy, x1, yi, and 2;, in terms of 
the two unknowns x) and z. Next, setting m = 2 in Eqs. 45, 46, 47 and 
48, we may deterniine we, x2, ye, and Zs, in terms of wi, x1, y1, and 2; and 
hence in terms of x» and zo. Continuing this process, we obtain the 
values Wa, Xn, Yn, and 2, at each station in terms of x») and zo. Further, 
since each of the applications of Eqs. 45, 46, 47 and 48 is linear, these 
expressions may be written 


Wn = b 15% + D25%0 + 5% 5 
Xn = by6Xo0 + D260 + 5% a6 
Vn b™17Xo + b%2,Z0 + O57 
Zn = bsXo + %2980 + 58, 


(50) 


where the 5*;; are all computed numbers. 

At the outer edge of the disk the radial load and moment are zero so 
that 

ty = In = 0. (51) 


Therefore, it is readily seen that x» and 2» are found by the solution of 


DN 5X0 + DX oso + O¥35 = 0 


52 
BN 7X9 + DM axe + X37 = 0. ( ) 
Having found x» and 2 from the solution of Eqs. 52, it is obvious that 
Egs. 50 will yield explicit values of w, x, y, and z at any point n. 

For the particular disk shown in Fig. 5, 11 points were taken at the 
values r = 1.0, 1.6, 1.8, 2.0, 2.2, 2.4, 3.0, 4.0, 4.5, 4.8, 5.0. The com- 
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puted resultants are shown in Figs. 6 and 7. Comments on the ac- 
curacy of the solution will be reserved for the final section. 


6. ITERATION METHOD OF SOLUTION 


In cases where the effect of bending is not of too great a significance, 
the following successive approximation technique may be of some value. 
As a first approximation, we assume that there is no bending. With 
@ = 0, Eqs. 3 and 7 are then the usual equations for symmetric 
rotating disks, and can be solved by any of the standard methods. In 
particular, the function 7, can be determined. With 7, known, how- 
ever, Eqs. 3, 4, 7 and 8 are the usual equations for the bending of a 
circular plate with variable thickness (8, Sec. 15), if we identify the 
quantity —7,dh/dr occurring in Eq. 4 with the applied shearing force 
per unit length. Therefore, this problem can be solved by known tech- 
niques and, in particular, the rotation ¢ can be determined as a known 
function of r. Using this value of ¢, we can obtain an improved solution 
for the centrifugal forces. To this end, we define modified stress result- 
ants 

tj =T,-—v tp = T, —2, (53) 


where v = Eghh'/(1 — v*) is a known function. The substitution of 
Eqs. 43 into Eqs. 3 and 9 leads to 
t, = LEh/(1 — v*) ](u’ + vu/r) 
te = [Eh/(1 — v*) ](vow’ + u/r) (54) 
(rt,’ — tp + rlv’ + (1 — v)vo/r + pw’rh | = 0 


which are of the same form as Eqs. 3 and 9 provided we identify the 
entire term in brackets as the body force. 

This iteration can be carried out by either analytic or numerical 
methods. In the latter case, advantage can be taken of the fact, first 
pointed out by Féppl (4), that the plate equation is mathematically 
equivalent to the symmetric rotating disk equation. To see this, let us 


TABLE I, 
Symmetric Bent 
Rotating Circular 
Problem Disk Plate Analogy 
Equations 54 4, 10 55 
Radial Resultant ty M, n 
Tangential te Ms c 
Resultant 
Displacement u te) E 
Thickness h h3/12 w 
Function 
Nonhomogeneous [v’ + (1 — v)v/r — Th’ 
Term + pw*rh] 


Elastic Constants E/(1 = p*) E/(i — »*) a 
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make the substitutions defined in Table I. That is, in Eqs. 3 and 7 we 
replace t, by n, ts by ¢, etc., to obtain 


n = aw(é’ + vé/r) 
f = aw(vé! + &/r) (SS) 
(rn)’ —$+7rP =0. 


Equally, if we replace M, by n, My by §, etc. in Eqs. 4 and 8, we again 
obtain Eq. 55. Therefore, each of the iterations can be handled on the 
same computing form. 
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Fic. 12. Comparison of forces. Fic, 13. Comparison of tangential moments. 


For the particular disk under investigation, Manson’s numerical 
method was used to obtain the zero approximation for forces and mo- 
ments and a first improvement for each. The results are shown in 
Figs. 12, 13 and 14, and will be commented on in the concluding section. 
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7. CONCLUSIONS 


A solution for the rotating disk with no plane of symmetry normal to 
the axis of rotation has been presented. The results of a particular 
example indicate that at the point of maximum shear stress (the inner 
boundary), the stress due to bending is of the same order of magnitude 
as the stress due to tangential force. The importance of considering 
bending cannot then be minimized in the stress analysis of this type 
disk where moments are induced. 

To illustrate this, let us compare the results when bending is con- 
sidered with the results if bending is neglected. This latter is equivalent 
to the first step of the iteration procedure described in Section 6. There- 
fore the direct stresses are compared by the solid and dashed curves in 
Fig. 12, and are seen to be at least qualitatively similar. However, 
there are no bending stresses in a symmetric disk, so that in Figs. 13 and 
14 the solid curves must be compared with the lines M, = 0 and M, = 0. 
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to Lo 3.0 40 ¢.°o 


DISK RADIUS - INCHES 


Fic. 14. Comparison of radial moments. 


If the disk has been designed to operate near the maximum elastic 
speed, the difference is equally striking. In Section 4 the maximum 
elastic speed was found to be w, = 18,950 rpm., whereas the correspond- 
ing symmetric disk can operate at 24,900 rpm. without exceeding the 
elastic limit. In other words, if the non-symmetric disk had been de- 
signed according to symmetric disk theory it would actually suffer plastic 
strains at seventy six per cent of the designed limiting speed. 

A further comparison is obtained from Fig. 11 for the axial displace- 
ment w. This, of course, is zero for the symmetric disk. When operat- 
ing at 18,950 rpm., the displacement at the rim is 0.0174 in. While this 
is small compared to the thickness of the disk, it may be of the order of 
magnitude of the design clearance between the disk and its housing. 
Thus it may be necessary to compute this displacement in order to be 
sure that there will still be clearance at top speed. If the disk is oper- 
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ated at the 24,900 rpm. permitted by symmetric theory, then the actual 
displacement would be even larger than the 0.030 in. predicted by Eq. 
42, since the additional strain would be partially plastic. 

If it is agreed that the non-symmetric character of the disk must be 
accounted for, there remains the problem of the best method of doing 
this. The analytic solution presented here is applicable only when the 
disk profile can reasonably be approximated by power functions of the 
radius, and even so leads to rather laborious computations. Therefore, 
it is of interest to compare this exact solution with the various numerical 
methods used. 
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A N I, \ l, l, 
Fic. 15. Comparison of critical elastic speed w, obtained by various methods. 


First of all, it is evident from Figs. 6 and 7 that with the number of 
points used the generalization of Manson’s method yields a reasonably 
accurate complete solution. Obviously, the choice of a larger number 
of points would increase its accuracy. On the other hand, Figs. 12, 13 
and 14 show that the iteration method also yields reasonable results 
after only two complete cycles. In evaluating Figs. 12, 13 and 14 it 
should be recalled that the iteration solutions were computed numeri- 
cally using the same points as for the complete numerical solution, so 
that one could not expect better agreement in Figs. 12, 13 and 14 than 
in Figs. 6 and 7. 

A further basis of comparison may be obtained by computing the 
maximum elastic speed according to each method. These results are 
shown in Fig. 15. The analytic, complete numerical, and final iterative 
solutions are all seen to lie within plus or minus two per cent of each other, 
hence any of them may be taken as entirely satisfactory. However, as 
previously noted, the first approximation is equivalent to the complete 
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neglect of the bending moments and predicts a speed over 30 per cent 
above the correct value. On the other hand, the first non-zero approxi- 
mation to the moment distribution yields a result about 10 per cent too 
low, while the next approximation cuts this error in half. 

An obvious factor to be considered in evaluating the numerical 
methods is the labor involved. The actual calculations were performed 
on a desk computer, and a rough measure of their relative time consump- 
tion is afforded by the number of entries necessary in the machine. For 
the complete numerical solution this number was found to be approxi- 
mately equal to 248, where m is the number of stations, while the itera- 
tion method takes approximately 47n entries per iteration. Since the 
results obtained with four iterations are essentially equivalent to the 
complete numerical solution it would appear that the iterative method 
is slightly less time consuming. 

The iterative procedure appears to possess still further advantages as 
a computational device. Not the least of these is the considerable litera- 
ture already available for symmetric disks. In many cases this means 
that the first iteration has already been computed. Another advantage 
would be in preliminary design. There it might well be sufficient to 
stop with two iterations, that is, the symmetric solution for the direct 
forces and a first approximation for the moments. After most of the 
proposed shapes had been eliminated by this rough computation, the 
results already obtained could be used to advantage on the remaining 
shapes. Finally, there are certain practical advantages to using a com- 
puting form with 47 entries several times as opposed to using a larger 
form only once. For the desk computation this would be less unwieldy 
and should lead to fewer errors. Also, if the method were to be adapted 
for automatic computations, a smaller machine would be sufficient. In 
this latter connection, once the form had already been set up for an 
automatic computer there would be no particular reason to stop with 
four iterations—one could just as easily use forty. 
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RESEARCHES ON CORROSION AND INHIBITION 
ADSORPTION, INHIBITION AND THE LANGMUIR EQUATION 


BY 
GEORGE S. GARDNER! 


SUMMARY 
Using a previously-described procedure, the author has studied the corrosion 
velocity of steel in dilute acetic acid, in the presence of an oil phase, and in the presence 
and absence of an organic inhibitor. Values of s, the fractional surface covered by 
adsorbed inhibitor, are calculated from the experiments for each inhibitor concentra- 
tionc. The Langmuir equation, in the form 
1/s = (1/b)(1/c) + 1, 


is solved graphically by plotting the observed values of (1/s) against (1/c). It is sug- 
gested that the value of the Langmuir constant 6, found in this manner, can be used 
for the over-all evaluation of an organic corrosion inhibitor. 


I. THE LANGMUIR EQUATION 


Investigators of corrosion phenomena are quite generally in agree- 
ment that polar organic corrosion inhibitors exert their inhibiting prop- 
erties through adsorption processes (1, 2).2 As to whether van der 
Waals forces, electrostatic forces, or chemisorption, are controlling, are 
subjects for some difference of opinion. While the role of adsorption is 
firmly established as a basis for inhibition phenomena, and corrosion 
inhibitors are frequently referred to as ‘‘strongly adsorbed”’ or ‘‘weakly 
adsorbed” (3), a means for measuring the actual extent of adsorption in 
corrosion reactions was not devised until recently (4) when a procedure 
was described for the determination of the fractional surface area covered 
by adsorbed inhibitor, and some of these measurements were reported. 

The next step in such a study might well be to relate the degree of 
inhibition to the concentration of inhibitor in the solution. A logical 
way to do this would seem to be to express the fractional surface covered 
by adsorbed inhibitor as a mathematical function of the inhibitor con- 
centration. A number of investigators have studied the adsorption of 
gases and solutes on surfaces, and have given equations to express the 
relation between the amount of adsorption and the partial pressure of 
adsorbate in the gas phase, or the concentration of the adsorbate in the 
liquid phase. Of all these equations, the most useful have been the 
Freundlich (5) equation and the Langmuir (6) equation. An excellent 
resumé of these equations is given by Brunauer (7), who believes the 
Langmuir equation “‘is perhaps the most important single equation in 
the field of adsorption.” 


1 The Research Laboratories of The American Chemical Paint Company, Ambler, Pa. 
2 The boldface numbers in parentheses refer to the references appended to this paper. 
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A useful form of the Langmuir equation for adsorption from solution 


is 
be 
* T+ 00 () 
which can be written 
(1/s) = (1/6)(1/c) + 1. (2) 


In these equations, s is the fractional surface area covered by adsorbed 
inhibitor, and ¢ is the concentration of inhibitor, expressed in appropri- 
ate units. The constant } will naturally vary according to the units 
chosen. 


Il. EVALUATION OF THE LANGMUIR EQUATION 


In previously reported research (4), the author and his co-workers 
have shown that a Nernst equation can be written to express the veloc- 
ity of diffusion-controlled corrosion reactions. A convenient form of 
this equation is 


— (dx/x) = (1 — s)(AD/hV)dt, (3) 


where 


A = area of the corroding metal surface, in cm.?, 

= the diffusion coefficient of the reactant in the solution, 

= the thickness of the Nernst “film,” 

the volume of the solution, cm.*, 

= the fraction of the metal surface covered by adsorbed inhibitor, 
= milligrams of reactant in solution at time ¢, 

time in hours, measured from the beginning of the experiment. 


ewe dad 
ll 


Integrated, for the condition that x = x9, when ¢ = 0, Eq. 3 becomes 
In (xo/x) = (1 — s)(AD/hV)t, (4) 


a suitable form for use in graphic solution. If, therefore, we plot ¢ on 
the abscissa and In (x»/x) on the ordinate, the slope of the curve is the 
group 

(1 — s)(AD) 


kV (5) 


To obtain a value of s from the above equation, it is quite apparent that 
some way must be found for obtaining a valueof AD/hV. This is done 
by carrying out control experiments in which no inhibitor is used, and s 
has a value of zero. Since the slope in such experiments is AD/hV, this 
value can be used in experiments containing inhibitor to obtain (1 — s) 
and s. 
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Ill. EXPERIMENTAL CONDITIONS FOR THE MEASUREMENT OF THE 
SURFACE COVERED BY ADSORBED INHIBITOR 

The experimental procedure for the measurement of the fractional 
surface covered by adsorbed inhibitor has been described in detail (2). 
It is sufficient to say here that the corrodent was 30 ml. of a solution 
containing 40 g./l. of sodium chloride and 1000 ppm. (mg./I.) of acetic 
acid. The oil phase was 30 ml. of a solution of mineral spirits, thoroughly 
washed with water. The gas phase was nitrogen, oxygen being thor- 
oughly removed from the vessel and solution. The temperature was 
40° C. The metal used in the corrosion velocity measurements was 
SAE 1010 hot-rolled strip steel, descaled and thoroughly cleaned. The 
organic inhibitor used in the experiments was Rodine 330, a proprietary 
corrosion inhibitor of the American Chemical Paint Company. This 
inhibitor is a nitrogen-base quaternary compound, designed for use in 
sweet oil wells, water-injection wells, and related applications. The 
inhibitor is water-soluble and oil-insoluble. 


IV. RESULTS OF CORROSION EXPERIMENTS 


In Tables I through VII are shown the results of seven series of cor- 
rosion experiments. The inhibitor concentrations in these experiments 
are given in Table VIII. 

The time (in hours) refers to the time from the beginning of the 
particular experiment to the removal of the metal specimen for cleaning 
and weighing. w(mg.) is the loss in weight of the metal specimen during 
the experiment. x(mg.) is the amount of reactant (acetic acid, in mg.) 
remaining in the solution at the end of the particular experiment, and 
In (xo/x) is calculated from the value of x and its original value, xo. 

In Figs. 1 through 7 these results of corrosion experiments are ex- 
pressed in the form of graphs, where the abscissae are the values of the 
time and the ordinates are the values of In (xo/x). The slopes are cal- 
culated, and are, according to Eq. 4, values of UG — 988 AP 


V. CONFIRMATION OF THE LANGMUIR EQUATION 


In Table IX the calculation of s, the fractional surface covered by 
adsorbed inhibitor, is shown, giving values of 1/c and 1/s which can be 
used in the graphical solution of Eq. 2. The plot of 1/c versus 1/s is 
shown in Fig. 8. Over a wide range of inhibitor concentrations (from 
10 to 100 parts per million of inhibitor) the data show excellent agree- 
ment with the Langmuir adsorption equation. 


VI. THE CONSTANT IN THE LANGMUIR EQUATION 


The slope of the curve in Fig. 8 is 5.8, which represents a value for 1/b 
in Eq. 2. The value for the constant 6 in the Langmuir equation is 
therefore 0.172. 
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TABLE I. 
coe. w, mg. x, mg. In (x9/x) 
1 1.3 28.7 0.095 
1 2.4 26.3 0.182 
2 i 20.3 0.438 
2 5.2 20.3 0.438 
2 5.1 20.5 0.425 
2 4.0 22.9 0.315 
2 4.6 21.6 0.378 
2 5.8 19.0 0.507 
3 52 20.3 0.438 
3 5.6 19.5 0.476 
4 6.0 18.6 0.531 
4 5.6 19.5 0.476 
4 8.0 14.3 0.788 
4 8.7 12.8 0.900 
4 6.3 18.0 0.560 
4 ra 19.2 0.495 
5 6.3 18.0 0.560 
5 7.6 15.2 0.728 
6 6.5 17.5 0.588 
6 8.4 13.5 0.846 
6 8.7 12.8 0.900 
6 7.9 14.5 0.775 
6 10.0 10.0 1.147 
7 8.9 12.4 0.928 
8 9.5 4 1.044 
8 10.8 8.3 13o2 
8 10.6 8.7 1.286 
10 10.9 8.0 1.371 
10 10.5 8.9 1.264 
12 12.1 $5 £75 
12 12.1 5.5 1.75 
—T tT a 
no ZEroD 
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Fic. 1. No inhibitor. Slope, 0.148. 
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TABLE II. 

t, hr. w, mg x, mg. In (x0/x) 
Z 1.9 27.4 0.140 
2 1.7 27.8 0.122 
2 3.0 25.1 0.223 
4 3.4 24.4 0.255 
4 3.4 24.2 0.262 
4 5.1 20.5 0.432 
6 4.0 22.9 0.315 
6 5.6 19.5 0.476 
6 5.2 20.3 0.438 
8 5.4 19.9 0.458 
8 4.4 22.0 0.358 
8 6.8 16.9 0.621 

10 6.0 18.6 0.525 
10 6.8 16.9 0.621 
12 6.5 17:3 0.588 
12 6.6 17.3 0.599 
12 7.6 15.1 0.732 
14 8.1 14.0 0.806 
14 8.5 13.2 0.867 
16 8.8 12.5 0.924 
16 7.1 16.2 0.663 
16 9.1 11.9 0.971 
18 9.1 11.9 0.971 
Lid dincbadhiidesbedesdiabett hicks led 
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Fic. 2. Inhibitor, 10 ppm. Slope, 0.052. 
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TABLE III. 

t, hr. w, mg x, mg In (xo/x) 
2 1.4 28.5 0.104 
2 1.0 29.4 0.068 
4 2.6 25.9 0.199 
4 Za 26.8 0.157 
6 4.7 21.4 0.385 
6 2.8 29.3 0.207 
8 3.2 24.6 0.247 
8 rR 26.5 0.174 

16 6.4 17.7 0.577 
16 5.6 19.5 0.476 
24 5.7 19.3 0.489 
24 6.9 16.6 0.642 
24 8.3 13.7 0.833 
24 6.3 18.0 0.560 
30 6.1 18.4 0.536 
30 4.7 21.4 0.385 
30 10.0 10.0 1.147 
30 10.6 8.7 1.289 
30 10.8 8.2 1.348 
40 7.9 14.5 0.775 
40 11.1 7.6 1.423 
40 11.0 7.9 1.381 
40 10.7 8.5 1.308 
64 :2.5 4.6 1.92 
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Fic. 3. Inhibitor, 20 ppm. Slope, 0.030. 
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TABLE IV. 

t, hr. w, mg. x, mg. In (x0/x) 
2 13 28.7 0.095 
2 22 26.8 0.165 
2 1.6 28.1 0.113 
2 1.2 28.9 0.086 
4 35 23.9 0.278 
4 4.0 22.9 0.315 
a 15 28.3 0.104 
4 1.6 28.1 0.104 
6 2.5 26.1 0.191 
6 $I 23.5 0.293 
8 2.4 26.3 0.174 
8 3.1 24.8 0.239 
8 2.8 25.5 0.207 
16 3.4 24.2 0.262 
16 53 20.1 0.445 
16 3.4 24.2 0.262 
16 y Bi 25.7 0.199 

20 4.0 22.8 0.322 
20 $33 20.1 0.445 
24 4.9 21.0 0.405 
24 FI 20.5 0.425 
30 6.1 18.5 0.525 
30 on 19.7 0.470 

40 5.9 18.8 0.513 

40 53 20.1 0.445 

48 6.6 17.3 0.604 

48 7.9 14.5 0.775 

52 8.0 14.3 0.788 

52 8.5 13.2 0.867 
79 10.8 8.3 1.34 

79 10.5 8.9 1.26 
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Fic. 4. Inhibitor, 30 ppm. Slope, 0.013. 
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TABLE V. 

t, hr. w, mg. x, mg. In (xo/x) 
2 2.2 26.8 0.157 
2 1.8 27.6 0.131 
4 2.1 27.0 0.148 
4 24 25.7 0.199 
6 3.0 25.0 0.231 
6 22 26.8 0.157 

16 4.5 21.8 0.365 
16 3.7 23.5 0.293 
24 4.2 22.5 0.336 
24 4.6 21.6 0.372 
30 5.0 20.8 0.412 
30 4.6 21.6 0.372 
40 oD 20.1 0.445 
40 52 20.3 0.438 
40 is 15.4 0.713 
40 | 16.2 0.663 
48 6.1 18.4 0.536 
48 7.3 15.8 0.688 
52 8.6 13.0 0.884 
52 9.6 10.8 1.068 
64 9.3 11.5 1.008 
64 9.8 10.4 1.105 
64 7.9 14.5 0.775 
64 8.1 14.1 0.802 
72 9.7 10.6 1.089 
72 10.1 9.8 1.169 
72 10.7 8.4 1.320 
79 9.3 115 1.008 
96 10.4 9.1 1.24 

96 11.5 6.7 1.55 


Fic. 5. Inhibitor, 40 ppm. Slope, 0.013. 
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A study of Table IX and Fig. 8 will show that 1/6 decreases, or 6 
increases, with the inhibiting strength of the organic inhibitor used. 
The same information is, of course, obtained from Eq. 1, since a large 
value of b makes bc large with respect to 1, and causes the value of s, 
the fractional surface covered, to approach the value 1 more rapidly as 
the concentration of inhibitor is increased. 


TABLE VI. 

t, hr. w, mg. x, mg. In (xo/x) 
2 $72 28.9 0.086 
2 1.6 28.1 0.113 
4 2.0 27.2 0.148 
4 1.9 27.4 0.140 
6 nok 26.8 0.165 
6 1.9 27.4 0.140 

12 2.8 25:5 0.215 
12 2.4 26.3 0.223 
18 2.6 25.9 0.199 
18 3.9 23.1 0.307 
24 3.6 23.8 0.278 
24 out 23.6 0.293 
36 3.8 23.3 0.300 
36 3.2 24.6 0.247 
48 4.0 22.9 0.322 
48 4.5 21.8 0.372 
64 5.0 20.8 0.412 
72 6.7 17.1 0.610 
72 $3 20.1 0.451 
79 6.2 18.2 0.548 
79 7.6 15.2 0.728 
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Fic. 6. Inhibitor, 50 ppm. Slope, 0.0070. 
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TABLE VII. 


t, hr. w, mg. x, mg. In (xo/x) 
+ 0.9 29.6 0.058 
4 1.1 29.1 0.077 
8 1.9 27.4 0.140 
8 1.4 28.5 0.095 

16 2.4 26.3 0.182 
16 1.9 27.4 0.140 
24 2.4 26.3 0.182 
24 2.9 20.3 0.215 
30 Km | 24.8 0.239 
30 2.9 25.3 0.215 
40 4.0 22.9 0.315 
40 3.6 23.8 0.278 
52 4.0 22.9 0.315 
52 4.3 223 0.344 
64 4.0 22.9 0.315 
64 4.5 21.8 0.365 
72 4.3 ye 0.351 
72 4.6 21.6 0.378 
79 6.5 i735 0.588 
79 i 20.3 0.438 
96 5.3 20.1 0.451 
96 Sa 19.7 0.470 
120 6.3 18.0 0.554 
120 6.8 16.9 0.621 
| 
ba —+— 
60 — . 
A — as 
Sy ae 
ters Lee 
cupD > yD HD HH DH DM WM Wo wo i 
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Fic. 7. Inhibitor, 100 ppm. Slope, 0.0043. 
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It seems that the value of either s or 6 could be used for evaluating 
the inhibiting strength of an organic substance. However, while s ac- 
complishes this for one concentration of inhibitor only, 6 carries the 
evaluation over a range of concentrations. 


TABLE VIII. 
Table Figure Inhibitor concentration, ppm. 
I 1 none 
II 2 10 
III 3 20 
IV 4 30 
V 5 40 
VI 6 50 
VII 7 100 
TABLE IX. 
1 (1—s)AD (1-—s)AD 1 
c C hv h (1 — s) s s 
0 — 0.148 4.44 1.0 0 — 
10 0.10 0.052 1.56 0.352 0.648 1.54 
20 0.05 0.030 0.90 0.203 0.797 1.26 
30 0.033 0.013 0.39 0.0879 0.912 1.10 
40 0.025 0.013 0.39 0.0879 0.912 1.10 
50 0.020 0.0070 0.21 0.0473 0.953 1.05 
100 0.010 0.0043 0.129 0.0291 0.971 1.03 
then date of dete piper) 
> 
V 
| 7 
| 
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Fic. 8. Confirmation of the Langmuir equation for inhibitor adsorption. 
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VII. DISCUSSION OF RESULTS 


Anyone who has made corrosion experiments such as described in 
this paper will recognize the fact that they are essentially semi-micro 
experiments, and susceptible to some variation. In order to obtain a 
satisfactory degree of agreement the following procedure has been ob- 
served : 


(a) Extreme care has been used in setting up the conditions for the 
experiments and in carrying them out. 

(b) The best possible uniformity has been obtained in experimental 
materials, including the metal test specimens. 

(c) Multiple experiments have been carried out at each time point, to 
obtain a statistical average. 


In the plots of the seven experiments, in Figs. 1 through 7, the best line 
has been drawn through the various sets of points. The distribution of 
experimental points obtained is considered to represent a satisfactory 
distribution for the determination of the slope in each experiment, and 
for the later confirmation of the Langmuir equation. 

While this investigation has covered one set of experimental condi- 
tions only, the object has been to point out and exemplify a method of 
study which might be employed profitably in the study of various cor- 
rosion reactions, in which inhibition by adsorbed organic compounds is 
important. Many variations in materials and procedure suggest them- 
selves, most of which are the subject of study in thislaboratory. Among 
these variations can be mentioned : 


(a) Different types of inhibitors; 

(6) Studies with and without oil phases, and variation in the type of 
oil phase ; 

(c) Modification in the nature and concentration of the corrodent ; 

(d) The use of solvents other than water; 

(e) Variation in temperature ; 

(f) Variation in rate of mixing; 

(g) The use of various types of test metals; 

(h) Variation in gaseous phases; and 

(¢) The nature of the corrosion products. 
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Future Computers.—Two scient- 
ists looked into the future design of 
large-scale computing machines; one 
saw the vacuum tube as made 
obsolete for computers now being 
designed by the newer transistors and 
magnetic amplifiers. The other, look- 
ing even further into the future, 
foresaw the eventual decline of the 
transistor in favor of new ferro- 
magnetic films, which will carry the 
speed of switching to as little as one 
billionth of a second. 

Their forecasts were given at the 
International Symposium on_ the 
Theory of Switching at Harvard 
University. 

The first, Dr. Theodore H. Bonn of 
the Remington Rand Division of 
Sperry Rand, speaking of computers 
to be built in the immediate future, 
said “After 13 years of prominence, 
the vacuum tube is burned out as a 
computer component. One might 
well ask how long the transistor and 
magnetic amplifier will remain on the 
scene. 

“Because of recent improvements 
in the reliability of transistors it is 
safe to say that most of the computers 
under development in the laboratory 
now will make use of solid-state pulse 
amplifiers and switches (such as 
transistors) rather than thermionic 
devices (i.e., vacuum tubes).”’ 

The second speaker, Dr. Herbert 
Callen, discussed components which 
will fulfill the needs of computers 
not yet even on the drawing board, 
and showed how scientists are ap- 
proaching the theoretical upper limits 
of computation speed. Dr. Callen, 
who is a professor of physics at the 
University of Pennsylvania, sug- 
gested to an audience of more than 
eight hundred scientists that a re- 
placement superior to the transistor 
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will be needed for future high speed 
calculators. 

“Within the few short years of 
computer development, fantastic in- 
creases of computer speed have been 
achieved. The eventual limit beyond 
which nature will forbid further 
advance is already in sight. This 
limit is set by the relativistic law that 
no physical signal can propagate with 
a velocity in excess of the velocity of 
light. The speed of calculation is 
therefore limited by the times re- 
quired to transfer information from 
point to point within the machine. 
A characteristic distance is perhaps 
ten centimeters, corresponding to a 
time of one third of a millimicro- 
second. (One-third of one billionth 
of a second). Computing times in the 
millimicrosecond range are only two 
or three orders of magnitude faster 
than presently planned machines, and 
are already the topic of at least 
tentative exploration. 

“As each increase in computing 
speed has occurred, it has been ac- 
companied by the development of a 
new basic component. The mechani- 
cal relay yielded to the vacuum tube, 
and that in turn has been supplanted 
by the solid state devices such as 
magnetic cores and transistors. The 
thin ferromagnetic film is a new com- 
ponent in the latter class, and it is one 
of the few components which may be 
expected to perform successfully at one 
millimicrosecond switching speeds.”’ 

While the ability of computers to 
operate at high speeds is influenced by 
other factors than the ability of 
switches to respond quickly, the new 
ferromagnetic film switches should 
further increase the speeds of com- 
puters, which already can provide 
answers faster than scientists can ask 
questions. 


SHEAR BUCKLING OF SIMPLY SUPPORTED RECTANGULAR PLATES 
TAPERED IN THICKNESS 


BY 
BERTRAM KLEIN! 


SUMMARY 


Design curves are presented for determining the elastic buckling loads of a class 
of simply supported rectangular plates linearly tapered in thickness in one direction 
and loaded in pure shear. The problem is solved by a simple straightforward numer- 
ical method involving a very small matrix. 


INTRODUCTION 


With the increasing use of rolled, machined, or chem-milled skins in 
aircraft and missile designs, analyses of plates tapered in thickness are 
becoming the rule rather than the exception. Design data for the buck- 
ling of such plates are limited. The author has presented solutions for 
compressive buckling of tapered plates (1).2. It is the purpose of the 
present paper to present data for shear buckling of certain tapered 
plates. For purposes of simplicity, the taper is assumed to be linear and 
only in one direction as shown in Fig. 1. In addition, the plate material 
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qn“ |b 
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Fic. 1. Tapered plate geometry and loading. 


is assumed to remain elastic under load, which is assumed to be a con- 
stant shear flow. 


NOTATION 

a, plate length ti, plate thickness at x = 0 
ang, deflected shape coefficient w, plate normal deflection 

b, plate width x,y, rectangular coordinates 
D, plate flexural rigidity a, thickness taper parameter 
D,, plate flexural rigidity at x = 0 B, deflected shape parameter 
E, Young’s modulus ‘i 3? a 

k, buckling coefficient *Oae* OF 

n, 1,2,3,--- v, Poisson’s ratio = 0.3 

q, shear flow @, see Eq. 1 


t, plate thickness 


1 Head, Theory and Methods Group, Convair-Astronautics, San Diego, Calif. 
2 The boldface numbers in parentheses refer to the references appended to this paper. 
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METHOD OF SOLUTION 


The problem is solved by the method of collocation (1,2). The 
buckling mode of the plate is assumed in the form: 


” ; nwx ae 
w= > > ays sin ( — n6 sin — sin ) 
ae a b a 


x cos “a = > ¥ a, sin ¢ cos s (1) 
) 


It can be shown that this function satisfies all the simply supported 
boundary conditions at all boundary points. 

Points for collocation are taken along the x axis, that is, y = 0. 
The following are partial derivatives of w at y = 0 computed from 
formulae similar to those listed in the appendix of (3). 


"Ww T Tv 
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; rx oe ae . nnx 
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The differential equation in the present problem is: 


dDdAw , dD ( aw =) o*w 
aD dA al’ ( o = —-=0Q0 
Dahw + 2 dx ox T dx? \ axz ' ” ay? : dxdy 


where for the type of plate thickness taper considered, 


- 3 
D=D,(1+a*). 
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(8) 


(9) 


The particular plates considered have aspect ratios and thickness tapers 


as follows: 


b 


a 


= 1.05,6:33;: «@=,0:5, 1, 2: 
Three points are taken for collocation as 


~ = 0.2, 0.3, 0.4 
a 


(10) 


(11) 


which lie in the region of maximum plate deflection for the aspect ratios 


considered. The three values of 6 are taken as follows: 


b b 
n “tie a <! 
1 0.75 0.75 
2 0.75 0.5 
3 0.75 0.4 


(12) 


These values are chosen on the basis of calculations carried out for non- 


tapered plates, that is, a = 0. 


Upon evaluation of Eqs. 2—7 at the above points and substitution of 
the results into Eq. 8, a three by three matrix results. The form is a 
standard eigenvalue one. Solution of the characteristic equation yields 
three roots for buckling. Examination of these roots reveals the buck- 


ling load. 
RESULTS 


Results of the calculations are shown in Figs. 2 and 3 in terms of the 


buckling coefficient 


so that the buckling load is 


_ _ Er t? 
7 1211 — v*)b? 


(13) 


(14) 
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The curves for b/a < 0.33 in Fig. 3 are obtained by cross plotting the 
curves in Fig. 2. 


b 
. TY] O12 5 — 
Re he: 
55 | | / 6 f 


45 | / « A 0.5 


ad VA k vA 
35 + f - WA ih 0.33 
61 ' S| AV j02s 


\ 


| [ td Aa O15 
15 —— a ey ett 8 
A > WZ ee 0.1 
8 0 05 . 5 2 


_ Fic. 2. Shear buckling co- 
efficient versus aspect ratio for Fic. 3. Shear buckling coefficient versus thickness taper 
given thickness tapers. for given aspect ratios. 


SECONDARY BOUNDARY CONDITION 


Subsequent to completion of the work, it was found that a simple ad- 
ditional equation in d,, is obtained by collocating on the boundary at 
x = 0. In the present instance, this equation is: 


7 * yar Lawn (2) +n] +eE Cag =0 (15) 


T\@ 


and may be looked upon as a secondary boundary condition which 
should be satisfied. In order to satisfy this equation, the matrix should 
be expanded to a four by four. In future work it will be of advantage 
to include such equation. 
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CONCLUSIONS 


It should be apparent that the present method may be used to solve 
cases where ¢ varies in a manner other than linear, and/or g is not con- 
stant. Equation 8 still holds, and the expression given for w in Eq. 1 
is general. 
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Tornado-Proof Houses.—For only 
a few hundred dollars extra, features 
can be built into houses and business 
establishments which will make them 
virtually ‘‘tornado-proof,” a Uni- 
versity of Michigan meteorologist be- 
lieves. This is the conclusion of 
George W. Reynolds, research asso- 
ciate in the Engineering Research 
Institute, who has closely studied the 
destructive storms since 1949. 

After touring the scenes of nine 
tornadoes and reading technical re- 
ports on hundreds of them, Reynolds 
is convinced houses can be built to 
survive most, if not all, such storms. 
The increase in cost would range from 
$50 to $350, he estimates, and prop- 
erly built structures might eliminate 
as much as 90 per cent of tornado 
deaths and injuries, he says. 

Reynolds has found that the great 
majority of structures destroyed in 
tornadoes suffered from one or more 
of three major shortcomings : improper 
anchorage, insufficient internal brac- 
ing, or lack of proper air vents. Im- 
proper anchorage of a house to its 
foundation, or of a roof to the build- 
ing, can result in its being tipped over 
or the roof being peeled off, Reynolds 
notes. 

“In my personal investigation of 
tornadoes, I have yet to see a single 
case in which a house bolted to its 
foundation was destroyed. This is 
not conclusive proof, of course, but it 
is certainly suggestive.” 

The “suction” from fast-moving 
winds in the lee of a building and the 
change in atmospheric pressure during 
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a tornado also can cause poorly braced 
walls to fall outward, Reynold says. 

‘All the wind has to do is pull a few 
nails, and the wall is gone, just as you 
knock the sides off a box,’’ he points 
out. Reynolds suggests inexpensive 
ties to hold each wall securely to its 
neighbors. 

At the same time, simple vents in 
attics and basements could equalize 


the pressure inside and outside a 
house, he says. 
“More research is needed before 


anyone can say for sure, but it looks 
like an air escape area on the order of 
one or two feet square for each 1000 
feet of floor space might be enough to 
keep houses from exploding during 
all but the worst part of the most 
severe tornadoes.” 

Reynolds reported on this aspect of 
the subject at the national meeting of 
the American Meteorological Society 
at the University of Chicago. 

His studies have led him to doubt 
that tornado winds are as strong, or 
the drop in air pressure as great, as 
popularly thought. 

Although maximum wind speeds in 
a few tornadoes may reach 300 
miles an hour, Reynolds suspects the 
maximum speeds in most tornadoes 
are between 100 and 200 miles an 
hour. Then, too, Reynolds notes, 
there is no great ‘‘vacuum” in the 
center of a tornado. The pressure on 
the inside of most tornadoes appears 
to be about 75 per cent of the pressure 
on the outside and is probably closer 
to 90 to 95 per cent,”’ he said. 


NOTES FROM THE NATIONAL BUREAU OF STANDARDS 


PORTABLE FREQUENCY STANDARD 


A small, compact frequency standard that requires only periodic 
connection to a commercial power line has been developed at the Boulder 
Laboratories of the National Bureau of Standards. The standard was 
devised by A. H. Morgan of the NBS Radio Standards Laboratory 
under the sponsorship of the U. S. Army Signal Corps. 

Adapted for use in this unit is the principle of the latent-heat 
stabilization method for controlling enclosed-space temperature, devel- 
oped by Robert Alvarez of the NBS Chemistry Division.! Using 
diphenyl at its double-point (about 70° C.) that is, at a temperature 
where it exists as a mixture of solid and liquid, a temperature stability 
of a few hundredths of a degree centigrade was obtained. The oscillator 
stability was +1 part in 10’ over a period of several hours. 

The instrument is expected to prove valuable for airborne use and 
in other cases where a stable but portable frequency source is required. 
Until now, all frequency standards of this precision have been large 
and bulky and have required continuous connection to a commercial 
power line. 

The apparatus consists of a transistor crystal-controlled oscillator 
and a two stage transistor buffer-amplifier which are operated con- 
tinuously from four small mercury cells contained in the bottom 
compartment of the standard. All components of the circuit are 
enclosed in the diphenyl oven which maintains them at a constant 
temperature. 

Surrounding the diphenyl is an electric heating coil controlled by a 
microswitch. When the diphenyl is heated it increases in volume and 
presses against the bottom of bellows located in the inner compartment. 
This movement of the bellows closes the microswitch and opens the 
heater circuit. The heater can be adjusted to operate at varying 
degrees of temperature by a shaft which controls the height of the upper 
contact point of the microswitch. Heat losses from the oven are 
reduced by a heat radiation shield and a vacuum insulation space. 

After the oven temperature has been stabilized at the double-point 
temperature of the diphenyl, the unit may be disconnected from the 
power source which supplied the initial heat, and operated for several 
hours on temperature without external power connections. 


1“Constant-Temperature Oven for Quartz Crystal Oscillator,” NBS Tech. News Bull., 
Vol. 40, p. 59 (1956). 
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External controls are provided on the developmental model to 
adjust the oscillator frequency (coarse and fine frequency controls) ; 
the oscillator tank capacitor for best output voltage; and the oven 
temperature. An inexpensive, commercial, one-megacycle quartz crys- 
tal is used to control the frequency of the oscillator. The output 
voltage is about 400 millivolts into a 600-ohm load. 

Silicon junction transistors were chosen for the oscillator and am- 
plifier because of their ability to operate at high temperatures (up to 
150° C.), whereas germanium transistors cease operation around 80° C. 
The over-all efficiency of the oscillator and amplifier is around 78 per 
cent (input power from mercury cells is 7 milliwatts and matched load 
output power is 5.4 milliwatts). 


FATIGUE TESTING MACHINE FOR SPRING WIRE 


A recently constructed machine for fatigue-testing small diameter 
wire is proving very useful in studies of spring materials at the National 
Bureau of Standards. Developed by J. A. Bennett and H. C. Burnett 
of the Bureau’s mechanical metallurgy laboratory, the machine stresses 
the straight wire sample in reversed torsion, simulating the stresses in a 
coiled spring under fluctuating tension or compression load. Results 
obtained with straight wire in this way show good correlation with the 
results of fatigue tests on compression springs coiled from similar wire. 

Because helical springs are often used in applications where they 
are subjected to many cycles of fluctuating load, their fatigue properties 
are of major importance. To provide data in this area, the Army 
Ordnance Corps has for several years sponsored a study of the fatigue 
properties of spring materials at the Bureau. However, fatigue tests 
on compression springs are time consuming, and special care is required 
in coiling, grinding, and measuring the spring before test. The present 
machine was designed to determine the torsional fatigue properties of 
spring wire without need of coiling wire into springs. Set-up time is 
thus greatly reduced as the ends of the straight-wire specimens need 
only be bent at right angles. 

The machine consists essentially of two aligned grip heads that 
hold the wire specimen while they oscillate individually through an 
angle of about 120 deg. The amplitude of deflection in the specimen 
is set by means of an adjustable coupling that shifts the phase relation 
between the oscillating grips. 

The torsional strain for various settings of the adjustable coupling 
is determined by means of a clip-on dial-and-pointer combination. 
The dial and pointer are clipped onto the test wire with a predetermined 
separation (usually 1 in.). Thus, when the two heads rotate relative 
to each other, the pointer gives a dial reading of twist per unit length 
of test specimen. 
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A rubber coupling in series with one of the grip heads provides a 
small amount of tension on the specimen. When the specimen fails, the 
rubber coupling retracts the head and thus opens a switch that stops the 
machine. The number of oscillations at failure is then given by a 
counter which is driven through a reducing gear assembly attached 
directly to the motor shaft. 

Power is provided by a 1/20-horsepower electric motor. The motor 
causes rotation of a horizontal shaft which is connected at one end to 
a second horizontal shaft by the adjustable coupling previously men- 
tioned. The free ends of the two horizontal shafts are connected to the 
shafts of the grip heads by crank mechanisms in such a way as to cause 
oscillatory motion of the grip heads. Thus, by adjusting the coupling, 
the relative motion of the two heads can be controlled. 


THE FRANKLIN INSTITUTE 


MINUTES OF THE STATED MEETING 


May 15, 1957 


The Stated Monthly Meeting of The Franklin Institute was held on May 15, 1957, in 
the Lecture Hall. Mr. S. Wyman Rolph, President, called the meeting to order at 8:15 P.M. 
with approximately 200 members and guests in attendance. 

The President stated that the minutes of the Stated Meeting of March 20, 1957, were 
printed in the April JourRNAL and that if there were no corrections or additions they would 
stand approved as submitted. The minutes of the Stated Meeting of April 17, 1957, will be 
printed in the May issue of the JOURNAL. 

Mr. Rolph announced the retirement of Dr. James Barnes at the end of this month and 
asked the Secretary to read a Resolution of the Board of Managers adopted at their meeting 
held this afternoon. The Secretary then read the Resolution: 

RESOLVED, that on the occasion of the retirement of James Barnes, the Board of Managers expresses 
its appreciation for the many years of service that Dr. Barnes has rendered to The Franklin Institute. He 
became a member of The Franklin Institute in October 1912 and a member of the Committee on Science and 
the Arts the following year. He was a member of the Board of Managers from 1925 to 1931. He became 
a member of the staff in 1930 as Director of the Physics Section of the Museum that was being planned for 
the new building. Since then he has continued to serve in a number of important positions, the most recent 


having been in connection with Friends of Franklin and as Director of Meetings. 


Mr. Rolph then announced that in order not to interfere with the scientific meeting 
planned, the important item of business, namely, the consideration of the proposed revision 
of the By-Laws of The Franklin Institute by the voting members, would be postponed until 


after the lecture. Hearing no objection, Mr. Rolph proceeded with the program which was 
arranged as The Franklin Institute’s contribution to the world-wide celebration of the Cen- 
tenary of the Birth of Nikola Tesla. 

The President then introduced Dr. Carl Chambers, Vice President for Engineering at 
the University of Pennsylvania, who told about the Nikola Tesla Celebration which he attended 
in July 1956 in Belgrade, Yugoslavia. 

Mr. Rolph next introduced Mr. Kenneth Swezey, a close personal friend of the late 
Nikola Tesla. Mr. Swezey described a book published by the Nikola Tesla Museum titled 
“Nikola Tesla 1856-1943—Letters, Patents and Articles,’’ a copy of which he presented to 
The Franklin Institute. Mr. Rolph acknowledged this gift with thanks. Mr. Rolph then 
presented Mr. Swezey with an embossed copy of a Resolution adopted by the Board of Man- 
agers of The Franklin Institute congratulating the Nikola Tesla Museum for its admirable 
work in the perpetuation of the memory of Nikola Tesla, with the request that he forward 
it to the Nikola Tesla Museum in Belgrade. 

Mr. Rolph then presented the speaker of the evening, Dr. Samuel G. Hibben, Engineer- 
ing Consultant in Radiation and Illumination. Dr. Hibben spoke on ‘‘From Tesla Until 
Tomorrow—The Magic of Making Light.’’ In his introductory remarks Dr. Hibben gave an 
interesting biographical sketch of Nikola Tesla and spoke of the inspiration that his work has 
given to the world of science and engineering. Dr. Hibben spoke of the progress of illumina- 
tion in the past fifty years, gave striking demonstrations of the improvements made in the 
science of lighting, and demonstrated types of lighting that are now in the development stage. 
Many of these developments and those to come he credited as the result of the ‘‘dreams’’ and 
work of Nikola Tesla. At the conclusion of his lecture-demonstration, the audience gave 
Dr. Hibben a rising vote of thanks for his very inspiring talk. 

Mr. Rolph then asked the voting members of the Institute to remain for the business 
meeting. He called the meeting to order and referred to a notice of April 30, 1957, to the 
voting members of The Franklin Institute proposing an extensive revision of the By-Laws of 
The Franklin Institute. The Chairman then called for a motion on the proposed revision 
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of the By-Laws. Mr. Richard T. Nalle presented the following Resolution and moved its 
adoption: 

RESOLVED, that the By-Laws of The Franklin Institute of the State of Pennsylvania for the Pro 
motion of the Mechanic Arts be amended in their entirety to read as set forth as a part of the notice to mem- 
bers dated April 30, 1957, and the effective date of the amended By-Laws shall be July 1, 1957. 

Mr. W. Laurence LePage seconded the motion. Mr. Rolph called for discussion. There 
was none. The motion was unanimously adopted. 
Meeting adjourned 10:15 p.m. , - 
a eye 5 WILLIAM F. JACKSON, JR. 
Secretary 


Ep. Note: The new By-Laws will be published in this JouRNAL for September, 1957. 


COMMITTEE ON SCIENCE AND THE ARTS 


(Abstract of Proceedings of Stated Meeting held Wednesday, May 8, 1957.) 
HALL OF THE COMMITTEE, 
PHILADELPHIA, May 8, 1957. 
Mr. Joun H. NEHER in the Chair. 


The following report was presented for final action: 
No. 3321: Levy Medal. 
This report recommended the award of the Louis E. Levy Medal to David Barnard 
Steinman, of New York, New York, “In recognition of his outstanding paper, ‘The Design 
of the Mackinac Bridge for Aerodynamic Stability,’ appearing in the December, 1956 issue 


of the JOURNAL OF THE FRANKLIN INSTITUTE.”’ 
D. S. FAHRNEY, 


Secretary to Committee 


MEMBERSHIP 
ACTIVE MEMBERS ELECTED BY THE BOARD OF MANAGERS 


May 15, 1957 
ACTIVE FAMILY 


Edward T. Crossan Charles D. Johnson Harry J. Tiedeck 
Thomas S. Dix, Jr. Semond Levitt John B. Yerkes 

Ernest Scott 

ACTIVE 

Oliver S. Aikman Frederick N. Beegle, II T. Grier Miller 
John T. Aldrich, Jr. William T. Carter David R. Powers 
Joseph G. Althouse Samuel A. Crozer Walter L. Schultze 
Frank R. Amand Charles R. Fox Ronald Souser 
Alfred M. P. Amey John S. Harp J. H. Stoner 
Dallas R. Andrews Edward Hungerford William H. Taylor 
Harold T. Baldwin Madeleine N. Joullie Brinton J. Wilson 
Joseph J. Benischeck J. Wesley Leas William G. Wood 
Allen C. Bradham D. Richard Levy Yusuf A. Yoler 


ACTIVE NON-RESIDENT 
William D. McCuin 


NECROLOGY 
Mrs. Edgar W. Baird ’50 P. F. Coleman ’36 _ Walter C. Mabie '51 
Harold N. Brown ’44 William S. Doughten '36 Bernhardt Mosler ’50 
Walter Chism ’52 Arthur E. Jones '47 Charles J. Reimer ’51 


‘ John B. Lownes '42 
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LIBRARY 


The Committee on Library desires to add to the collections any technical works that 
members may wish to contribute. Contributions will be gratefully acknowledged and placed 
in the Library. Duplicates received will be transferred to other libraries as gifts of the donor. 


554 items have been added the past month. 
Photostat service. Photostat prints of any material in the collections can be supplied 


on request. 

The Library and reading room are open from 9 A.M. until 5 p.m. on Mondays, Tuesdays, 
Thursdays, Fridays; from 2 p.m. until 10 p.m. on Wednesdays; and from 9 A.M. until noon on 
Saturdays. 

RECENT ADDITIONS 
AERONAUTICS 
Donovan, A. F. AnD LAWRENCE, H. R., Ep. Aerodynamic Components of Aircraft at High 
Speeds. 1957. 
ASTRONOMY 


Mayer, L. A. Islamic Astrolabists and Their Works. 1956. 


ATOMIC ENERGY 
GAYNOR, FRANK, ED. Concise Encyclopedia of Atomic Energy. 1950. 
THE RoyaL MEpiIcaL ScHooL. Notes on Atomic Energy for Medical Officers. 1956. 
BACTERIOLOGY 
SEVAG, MANASSEH GrrRAGOsS. Immuno-Catalysis; and Related Fields of Bacteriology and 
Biochemistry. Ed. 2. 1951. 
BIBLIOGRAPHY 


Harvey CusuinG Society. A Bibliography of the Writings of Harvey Cushing. 1940. 
Marre, ALBERT. L’Oeuvre Scientifique de Blaise Pascal. 1912. 


BIOGRAPHY 
STEVENSON, LLoyp. Sir Frederick Banting. 1947. 
Woopsury, Davip O. A Measure for Greatness; a Short Biography of Edward Weston. 
1949. 
BIOLOGICAL CHEMISTRY 


PopyAK, G. AND LE BRETON, E. Biochemical Problems of Lipids. 1956. 


CHEMISTRY AND CHEMICAL TECHNOLOGY 


BILLMEYER, FRED W., Jr. Textbook of Polymer Chemistry. 1957. 

BLock, RICHARD JOSEPH AND WEISS, KATHRYN W. Amino Acid Handbook. 1956. 

CLARK, GEORGE LINDENBERG AND HAWLEY, GESSNERG., ED. The Encyclopedia of Chemistry. 
1957. 

CRANK, J. The Mathematics of Diffusion. 1956. 

GREENBERG, Davip Morris. Amino Acids and Proteins. 1951. 

MELLAN, IBERT. Handbook of Solvents. Vol. 1. 1957. 

MIGRDICHIAN, VARTKES. Organic Synthesis. Vol. 1 and 2. 1957. 

WEISSBERGER, ARNOLD, ED. Laboratory Engineering. Ed. 2. Pt.2. 1957. 


DICTIONARIES 


Jacoss, Morris Boris; GERSTEIN, MAURICE J. AND WALTER, WILLIAM G. Dictionary of 
Microbiology. 1957. 
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ELECTRICITY AND ELECTRICAL ENGINEERING 
Czecu, Joser. The Cathode Ray Oscilloscope. 1957. 
DumMER, G. W. A. Variable Resistors and Potentiometers. 1956. 
Marrows, H. E. Transistor Engineering Reference Handbook. 1956. 
MIDDLEBROOK, ROBERT Davip. An Introduction to Junction Transistor Theory. 1957. 


ENGINEERING 
FREUDENTHAL, ALFRED A., ED. Fatigue in Aircraft Structures. 1956. 


JENSEN, ALFRED. Applied Strength of Materials. 1957. 
NEAL, BERNARD GEORGE. The Plastic Methods of Structural Analysis. 1956. 


GENERAL 


CuHerry, Cotin. On Human Communication. 1957. 


GEOLOGY 
BLACKETT, PATRICK MAYNARD STUART. Lectures on Rock Magnetism. 1956. 
KRYNINE, DIMITRI PAVLOVITCH AND JupD, WILLIAM R. Principles of Engineering Geology 
and Geotechnics. 1957. 
HOROLOGY 


Statuts ou Reglemens pour le Corps des Maitres Horlogers de la Ville de Marseille. 1775. 


MANUFACTURE 
CALKIN, JOHN B., ED. Modern Pulp and Papermaking. 1957. 
Mo.toy, E. Press Tools. 1943. 
Morris, JOE LAWRENCE. Metal Castings. 1957. 


MATHEMATICS 


CHEVALLEY, CLAUDE. Theory of Lie Groups. 1946. 

LEVEQUE, WILLIAM Jupson. Topics in Number Theory. 1956. 

MIcKLEy, HAROLD S.; SHERWOOD, THOMAS K. AND REED, CHARLES E. Applied Mathematics 
in Chemical Engineering. Ed. 2. 1957. 

NIELSEN, Kaj L. Methods in Numerical Analysis. 1956. 

UNIVERSITY OF CALIFORNIA. Transactions of the Symposium on Partial Differential Equa- 
tions. 1955. 

MECHANICAL ENGINEERING 

ARMSTRONG, W.H. Machine Tools for Metal Cutting. 1957. 

Doo.iTTLeE, JESSE SEyMouR. Mechanical Engineering Laboratory. 1957. 

Master, HAMILTON HorRTH AND OcviRK, FRED W. Mechanism and Dynamics of Machinery. 
1957. 

Witcock, DonaLp F. AnD Booser, E. RicHarp. Bearing Design and Application. 1957. 


MEDICINE 
HeEpLeER, Opat E. Manual of Clinical Laboratory Methods. Ed. 4. 1949. 
KaBaT, Etvin A. AND MAYER, MANFRED M. Experimental Immuno-chemistry. 1948. 
TURNER, RaLpH F. Forensic Science and Laboratory Technics. 1949. 
METALLURGY 


AMERICAN SOCIETY FOR TESTING MATERIALS. Symposium on Techniques for Electron 
Metallography. 1954. 


PETROLEUM TECHNOLOGY 


Burcik, Emm J. Properties of Petroleum Reservoir Fluids. 1957. 
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PHYSICS 


AMERICAN INSTITUTE OF PHysics. Handbook. 1957. 

ARCHIMEDES. De Insidentibus Aquae. 1565. 

BowpeENn, F. P. ANp TaBor, D. Friction and Lubrication. 1956. 
Cow.inG, T.G. Magnetohydrodynamics. 1957. 

DENBIGH, KENNETH G. The Thermodynamics of the Steady State. 1951. 
GRAMMEL, RICHARD, ED. Vorformung und Fliessen des Festkérpers. 1956. 
OswatitscH, KLaus. Gas Dynamics. 1956. 

RICHARDSON, Epwarp Gick. Relaxation Spectrometry. 1957. 

SABERSKY, RotF H. Elements of Engineering Thermodynamics. 1957. 
VARIGNON, P. Nouvelle Mécanique ou Statique. 1725. 

ZEMANSKY, MARK WALDO. Heat and Thermodynamics. Ed. 4. 1957. 


PLASTICS 
DEBING, LAWRENCE M., ED. Quality Control for Plastics Engineers. 1957. 
PUBLIC HEALTH 
MELLAN, IBERT AND MELLAN, ELEANOR. Dictionary of Poisons. 1956. 


RAILROADS 


BEKKER, M.G. Theory of Land Locomotion; the Mechanics of Vehicle Mobility. 


SCIENCE 
JEFFREYS, HAROLD. Scientific Inference. Ed. 2. 1957. 
STATISTICS 


WaLtis, W. ALLEN AND RoBERTs, HARRY V. Statistics. 


1956. 


NOTES FROM THE FRANKLIN INSTITUTE MUSEUM 
A. C. CARLTON, DIRECTOR 


STEEL 


In 1782, Samuel Highley of Rhode Island manufactured what is 
believed to have been the first piece of steel made in the American 
colonies. He had probably learned the technique of the process from 
a book written in 1720 by the French physicist Reaumur. Steel made 
by this process was called ‘‘blister’’ steel because the bars were covered 
with blisters when withdrawn from the furnace. 

The process was carried on in a steel furnace, where iron bars were 
laid in the hearth, sprinkled with charcoal dust, horn shavings, and 
ashes. To this a blast was applied which continued until test bars 
revealed what the operator believed was the right color. Then the 
fire was extinguished and the bars were left to cool. The Pennsylvania 
Germans had a different method of making steel. In their process, 
pig iron or crude iron was used instead of bar iron, and special woods 
were employed for fuel. This particular technique was called ‘after 
the German manner.” 

At the outbreak of the Revolution, the Provincial Congress of 
Pennsylvania urged its people to manufacture steel, iron, wire, and tin 
plate, although they can have had no conception of the extent to which 
the industry would grow within their province. At the eve of the Civil 
War, the modern steel industry began to take shape. The Kelly- 
Bessemer process, refinements and improvements in the blast furnace, 
the opening of the Lake Superior iron ore region, the introduction of 
coke in place of wood fuel, all combined to bring about the rapid 
expansion of the industry. The development of the railroads made the 
distribution of coal and coke nationwide. The basis for the mighty 
industry had been laid and production began to soar. 

New machines, new techniques, and efficient management all com- 
bined to promote the United States into the position of leadership in the 
world’s steel industry. But the contributions of the chemist and 
metallurgist should not be overlooked for, essentially, iron and steel 
making is a chemical process on a very large scale in which the furnaces 
and converters are giant test-tubes where the ingredients, according to 
prescribed formula are transformed by chemical changes. The skilled 
artisan who had dominated the process was replaced by the worker in 
the research laboratory, although the man of brawn and muscle still 
tosses heavy ingots with his tongs as through they were toys. The 
American steel-worker takes a justifiable pride in his achievements. He 
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even has his mythical hero—Joe Magarac—whose exploits rival those 
of Paul Bunyan. 

Rails to meet the expansion of the railroads gave the industry its 
first impulse. This was followed by the demand for wire nails, and soon 
after that the demand of farmers for wire fencing proved to be a third 
impulse to send the industry upon its way to supremacy. Today, steel 
enters into the production of innumerable things, from great battleships 
to surgeon’s needles. It would be very difficult to think of anything 
in a daily life that does not contain steel or is not dependent upon steel 
for its production: For the United States is not only the world’s 
largest producer of steel, it is also the largest consumer. 

The significance of the steel industry in national history is not to be 
measured by the production of materials made from iron and steel, but 
rather by the impact of steel on all phases of American life. History 
is affected as much by technology as it is by the rise and fall of dynasties. 

In order to appreciate the deep penetration of the steel industry 
into the life of the nation as well as that of the individuals who compose 
the nation, Museum visitors can obtain a comprehensive picture from 
the story presented by Bethlehem Steel Company in their exhibit. 
Unimpeded by unnecessary information and shorn of all technical terms 
the story is told in a manner that makes it impressive with the minimum 
of mental effort on the visitor’s part. It will be found on the First 
Floor. 


BARTOL RESEARCH FOUNDATION 
W. F. G. SWANN, DIRECTOR 
SEARCH FOR A LONG-LIVED RADIOISOTOPE OF NEODYMIUM* 


BY 
V. S. DUBEY,' V. R. POTNIS,? C. E. MANDEVILLE, AND W. B. KEIGHTON: 


ABSTRACT 


Neutron irradiated neodymium has been examined for the possible presence 
of long-lived activities in the rare earth region of undetermined elemental and isotopic 
assignment. No such long period radioelements were detectable. Scintillation 
counting methods and ion exchange columns were employed to show that a com- 
posite contribution from three isotopes of europium may have been misinterpreted 
as evidence for the presence of a 1.7-yr. activity of neodymium. These elements are 
formed by neutron capture in europium and samarium present as impurities in 


neodymium. 


When neodymium is irradiated by slow neutrons, radioactive 
elements are formed with half-periods of 12 min., 2.3 hr., 27.5 hr., 
50 hr., 11 days, and 2.5 yr. In order of increasing lifetime, the isotopic 
assignments are Nd!*!, Nd!”, Pm?!, Pm, Nd, and Pm’. In 
addition, a long period activity (T1;2 ~ 1.7 yr.) has been noted (1),‘ 
having associated with it a beta-ray spectrum of maximum energy 
0.74 Mev (1). This radioelement was considered to be an isotope of 
neodymium (1). 

In the course of other investigations (2), successive samples of very 
pure (3) Nd.O; were five times irradiated in the Brookhaven reactor. 
After an appreciable time of decay, it became apparent that a long 
period activity had been induced in all five quantities of target material. 
The beta and gamma-ray emissions of this long period element were 
separately followed for more than one year, and were estimated to 
decay with an approximate lifetime of 1.7 yr. When measured in an 
anthracene scintillation counter, the bulk of the beta rays were found 
to have a maximum energy of ~230 kev and were furthermore observed 
to be non-coincident with gamma radiation. From these measured 
characteristics, it could be concluded that this soft beta spectrum was 
that of the 2.5-yr. promethium (Pm) which is grown from the 11-day 
Nd’, The gamma rays were of sufficient intensity that their energies 
were readily measurable in a sodium iodide (thallium activated) 
scintillation counter. Their quantum energies were found to be 
84, 102, 120, 240, 340, 780, 960, 1100, and 1380 kev. The three soft 


* Assisted by the joint program of the Office of Naval Research and the U. S. Atomic 
Energy Commission. 

1QOn leave of absence from Agra College, Agra, India. 

2 Permanent Address, Gwalior (M.P.), India. 

3 Department of Chemistry, Swarthmore College, Swarthmore, Pa. 

4 The boldface numbers in parentheses refer to the references appended to this article. 
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gamma rays at 84, 102, and 120 kev were actually resolved only when 
coincidence measurements were performed, employing two scintillation 
spectrometers. The 120-kev gamma ray was found to be coincident 
with gamma rays of higher energy, whereas the 84- and 100-kev gamma 
rays were non-coincident with other quantum radiations. 

The ~1.7-yr. activity was also noted to be emitting intense X- 
radiation of an energy approximately that of the K-line of the neo- 
dymium region. The X-radiation was observed to be coincident with 
the 120-kev gamma ray and the gamma rays of higher energies. No 
coincidences were observable between the X-rays and the gamma rays 
at 84 and 100 kev. Critical absorption measurements were carried 
out using absorbing media of I, Cs, Ba, La, and Ce, and it was con- 
cluded that the X-rays were characteristic of the element neodymium. 
Thus, the results might have been interpreted as evidence for the 
existence of a long-lived K-capture activity in promethium. 

Simultaneously with the experiments on neodymium, samples of 
naturally occurring samarium as well as targets enriched in Sm™ were 
also irradiated at the Brookhaven reactor. In all irradiated quantities 
of samarium, the long-lived gamma-ray emitter of the neodymium 
experiments was also detected. It was always present with an in- 
tensity which allowed measurement of the entire gamma-ray spectrum. 
This result did not contradict the view that the long-lived activity 
might be assignable to promethium, because it could have been formed 
by an (,p)-reaction in the reactor, brought about by the action of fast 
neutrons. 

The sequence of events recorded above suggested that elemental 
separations should be carried out with the application of ion exchange 
columns. Accordingly, several columns were erected. These columns 
were packed with the ammonium form of Dowex-50, a cation exchange 
resin. Oxides of the rare earths were dissolved in concentrated hydro- 
chloric acid, diluted to 0.3 N—HCI concentration, and introduced into 
the top of columns 100 cm. in length and 1.1 to 1.2 cm. in internal 
diameter. The rare earths were eluted at room temperature with a 
5-per cent citric acid solution which had been brought to a pH value of 
3.2 by addition of ammonia. The rate of elution was about 20 ml. per 
hour. «When the irradiated neodymium was passed through a column, 
“cuts” containing promethium could be identified by the presence of 
the beta rays of Pm'*’. When radioactive samarium was placed in a 
column, ‘‘cuts’’ containing samarium could be identified by the presence 
of the long-lived Sm™* K-capture activity. Thus, fractions containing 
promethium and samarium were ‘‘tagged.’’ In all instances, the gamma 
ray emitting long-lived activity was found to precede promethium and 
samarium in passing through the columns. From the known behavior 
of ion exchange columns, it could be concluded from these observations 
that the ions having the gamma-ray activity must carry a nuclear 
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charge greater than those of promethium and samarium. That the 
gamma-ray activity of the unknown radioelement preceded the beta 
activity of Pm"? through the column is illustrated in Fig. 1. Each 
‘cut’ was 100 cc. in volume. In observing the gamma-ray activity the 
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Fic. 1. Beta and gamma-ray activity of cuts of rare earths in solution taken from an 
ion exchange column. Neutron irradiated neodymium was introduced at the top of the column. 
The non-coincident maxima illustrate how the gamma-ray activity of the europium con- 
taminants preceded the beta-ray activity of Pm’? through the column, showing the gamma 
rays to be unrelated to any isotope of promethium and to be associated with ions of nuclear 
charge greater than promethium or, of course, neodymium. 


entire cut was employed, while beta-ray observations were carried out 
by evaporation of three-tenths of 1 cc. of solution upon a backing of 
Scotch Tape. 

To elucidate possibilities indicated by the foregoing investigations, 
quantities of Eu’, Eu’, and Eu'®® were obtained from Oak Ridge. 
Eu! and Eu! were supplied as a mixture, and Eu'®® was obtainable 
separately processed. From extensive measurements of the gamma 
rays emitted by these three isotopes of europium, it was concluded that 
the gamma ray spectrum of the supposed long-lived gamma-ray emitter 
was actually a composite one of the three separate gamma-ray spectra 
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of Eu’, Eu’, and Eu'®®, The previously described coincidence 
measurements and critical absorption measurements could now be ex- 
plained. The X-rays of the unidentified long-period were not emitted 
following K-capture, but were generated by photoelectric absorption of 
the gamma rays of Eu'® and Eu'™ in the sample of neodymium itself. 
Since all the gamma rays of Eu’* and Eu! are in cascade with at least 
one other gamma ray, (X-ray)-gamma coincidences would be observ- 
able in the case of each gamma ray of energy 120 kev or more as was 
indeed the case. The 84- and 102-kev radiations of Eu'® are coincident 
with no radiation of energy as great or greater than the K-shell ioniza- 
tion potential of neodymium. In fact, the 102-kev gamma ray of Eu!®® 
is in cascade with no other gamma ray (4), and the 84-kev gamma ray 
is coincident with one of energy only 18 kev. 

Thus, it may finally be stated that all chemical and physical measure- 
ments performed are consistent with the conclusion that the effects 
previously ascribed to the presence of a long-lived radioisotope of 
neodymium are actually those of the simultaneous presence of Eu!®”, 
Eu'™, and Eu'®, three long-lived activities of europium. Eu! and 
Eu! are formed from neutron capture in europium, and Eu’ is grown 
from a 23-min. samarium parent which in turn is formed by neutron 
capture in samarium. Because of the possible presence of europium 
and samarium as impurities, these radioelements could easily be found 
in neutron irradiated samples of any rare earth element as, for example, 
neodymium. 

In the case of the particular exposure described in this paper, the 
time of irradiation was 24 hr. At the moment of removal from the 
reactor, the number of disintegrations per unit time of the long-lived 
europium elements was only 1.4 X 10-* that of the number of disinte- 
grations per unit time of the 11-day activity of neodymium. 

If an average half-life of about two years is assumed, for the various 
europium contributions, from the data of the exposure, a saturation 
activity (disintegrations per unit time after an infinite time of exposure) 
just a factor of ten less than the saturation activity of the eleven-day 
Nd"? was calculated. To detect contributions from any radioelement 
of neodymium of similar half-life, it would be necessary that it possess a 
saturation activity at least equal to that of the europium impurities, or, 
in other words, equal to one-tenth that of the eleven-day Nd"™’. 
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THE BIOCHEMICAL RESEARCH FOUNDATION 
ELLICE McDONALD, FOUNDER 
WILLIAM G. BATT, DIRECTOR 
INHIBITION OF BACTERIAL GROWTH BY CERTAIN 
ORGANIC SULFUR COMPOUNDS 


BY 


S. J. DECOURCY, JR., F. E. REINHART, AND WILLIAM G. BATT 


The inhibitory activity of some sulfur-containing pyridine deriv- 
atives on the growth im vitro of several bacterial species has been recorded 
during the course of a current investigation concerned with the biological 
properties of these and related compounds. The substances reported 
in this note include 5-nitro-2-pyridinethiol and 6-mercaptonicotino- 
nitrile as well as the corresponding disulfides and S-thiuronium chlorides. 
In addition, observations have been made on 5-imino-1,2,4-dithiazolidin- 
3-thione and several related compounds. Each of these compounds 
had been prepared in this Laboratory in connection with previous 
studies. 

Each compound has been tested on E. coli and A. aerogenes as 
representative of the Gram negative rod type, and M. pyogenes var. 
aureus (ATCC No. 10617) and M. pyogenes var. albus (ATCC No. 9491) 
as representative of the Gram positive coccus type. Various con- 
centrations of each compound were obtained by addition of 0.1 ml. of a 
95 per cent ethanol solution of appropriate concentration to 10 ml. of 
sterile nutrient broth ; the corresponding ethanol controls were included. 
The highest concentration tested was 50 ug per ml. Inoculations were 
made with a standard loopful of a 24-hour nutrient broth culture of 
the respective organism. ‘The minimal concentration of the compound 
required to cause complete suppression of bacterial growth after 72-hr. 
incubation at 37° C. served as the arbitrary standard of biological 
activity. The results reported are based on duplicate assay. 

None of the compounds which have been tested effected complete 
inhibition of growth of E. coli or A. aerogenes when used at the maximum 
concentration of 50 wg per ml. Some of the compounds, however, 
manifested activity toward the two variants of M. pyogenes, as shown 
in Table I. With the exception of compound (VIII), somewhat greater 
sensitivity is seen to be exhibited by M. pyogenes var. albus as compared 
to that shown by M. pyogenes var. aureus. 

Activity of each of the nitro derivatives (I, II, III) toward both 
bacterial variants is seen to be, with one exception, slightly greater than 
that of its corresponding cyano compound (IV, V, VI). It is evident 
also that conversion of 5-nitro-2-pyridinethiol (II) or of 6-mercapto- 
nicotinonitrile (V) to its disulfide (I or IV) results in no loss of inhibitory 
activity. 

Inhibitory activity of 5-nitro-2-pyridinethiol (I1) toward the growth 
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TABLE I. 
Minimal inhibiting 
concentration in ~g/ml. 
Organism 
Method of M. pyogenes M. pyogenes 

Compound Synthesis var. aureus var. albus 
I 2,2’-Dithiobis (5-nitropyridine) (1) 25 10 
Il 5-Nitro-2-pyridinethiol (2) 25 10 
II] S-(5-Nitro-2-pyridyl)thiuronium chloride (3) 50 10 
IV 6,6’-Dithiodinicotinonitrile . 50 10 
V 6-Mercaptonicotinonitrile (4) 50 25 
VI S-(5-Cyano-2-pyridyl)thiuronium chloride (4) >50 25 
VII S-(2-Pyridyl)thiuronium bromide (5) >50 >50 
VIII 5-Imino-1,2,4-dithiazolidin-3-thione (6) 30 40 
IX 5-Acetimino-1,2,4-dithiazolidin-3-thione (7) >50 >50 
X Potassium trithioallophanate (8) >50 >50 


* Unpublished data. 


in vitro of Mycobacterium tuberculosis had previously been noted (9). 
This thiol and the corresponding S-thiuronium chloride (III) were also 
found to inhibit growth of Lactobacillus casei (ATCC No. 9595) in 
studies conducted in this Laboratory (10). With respect to the anal- 
ogous cyano compounds (V and VI), activity toward Gram positive 
bacteria was observed by Forrest and Walker (4) who noted that these 
compounds were less inhibitory toward E. coli, an observation con- 
sistent with the results of the present study. 

Although some activity of 5-imino-1,2,4-dithiazolidin-3-thione 
(VIII), toward both variants of M. pyogenes can be seen, none was 
observed at the 50 ug level with its acetyl derivative (IX) or its reduc- 
tion product (X). Similar lack of inhibitory activity was found with 
S-(2-pyridyl)thiuronium bromide (VII) at this level. 
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REACTIVITY COMPUTER 


BY 


GILBERT S. STUBBS 


The basic, underlying variable of reactor control is the reactivity. 
We may regard the reactivity as a measure of the deviation from 
equilibrium of the neutron balance in a reactor. Or more precisely, 
we may define the reactivity as the average excess number of neutrons 
produced per fission that cause further fission, ‘‘excess’’ being the 
number over and above the one-neutron-per-fission that is required to 
maintain a self-sustaining fission reaction. 

Reactor control may be described as the process of changing the 
neutron environment within a reactor so as to produce momentary 
excursions in the reactivity from its equilibrium value of zero. 


Fic. 1. The author examines a graphic record-of-reactivity produced 
by reactivity computer in conjunction with a standard recorder. 
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An analog computer which computes these variations in reactivity 
of an operating reactor was demonstrated by the Laboratories’ Nuclear 
Engineering Division at the Second Nuclear Congress at Convention 
Hall, Philadelphia, March 11-15. This computer, referred to as the 
“Reactivity Computer,” is based on the fact that the time behavior of 
the reactivity is related to the time behavior of the reactor’s neutron 
flux through a group of simultaneous differential equations, called the 
“reactor kinetic equations.’’ The computer duplicates these equations 
in terms of voltages and currents, and operates on electrical signals 
derived from neutron flux measurement to generate a voltage propor- 
tional to reactivity. The Reactivity Computer was operated at The 
Franklin Institute exhibit with a neutron flux signal from an instrument 
in the Aerojet-General Nucleonics Reactor, which was exhibited and 
operated during the Congress. 
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Fic. 2. Block diagram of a typical reactivity computer employing neutron flux input. 


A recently published paper! describes two types of reactivity com- 
puters which have been built by the Nuclear Engineering Division—one 
employing a neutron flux input signal, the other employing a log- 
rate-of-neutron-flux input signal. 

Some applications of the Reactivity Computer are: 


(1) for measuring and recording reactivity 
(2) as a feedback element in reactor control systems 


1G. S. Stusss, ‘Design and Use of the Reactivity Computer,” JRE Professional Group 
on Nuclear Science, Vol. NS-4, No. 1 (1957). 


June, 1957.] THE FRANKLIN INSTITUTE LABORATORIES 561 


(3) 
(4) 
(5) 
(6) 
(7) 


(8) 
(9) 
(10) 


as a reactivity-monitoring device for reactor safety controls 

for calibrating control rods 

as a tool in reactor frequency response measurements 

for measuring the reactivity coefficients 

for measuring the neutron generation time and the delayed 
neutron constants 

for indicating criticality during reactor start-up 

as a tool in reactor kinetics experiments 

as an analytical tool for theoretical studies of reactor kinetics. 


AERODYNAMIC COMPONENTS OF AIRCRAFT AT 
Hi1GH SPEEDS, edited by A. F. Donovan 
and H. R. Lawrence. Volume VII of the 
Princeton Series for High Speed Aerody- 
namics and Jet Propulsion, 843 pages, 
tables and graphs, 6 X 944 in. Princeton 
University Press, 1957. Price, $17.50. 
This book is Volume VII of the Princeton 

Series for High Speed Aerodynamics and 

Jet Propulsion. This twelve volume under- 

taking treats the fundamental aspects of the 

aerodynamic and propulsion problems of 
high speed flight together with a survey of 
the underlying basic sciences cognate to such 
problems. The present volume is a valu- 
able addition to those volumes which have 
appeared to date. Some one hundred sci- 
entists and engineers active in aeronautics 
and related fields have participated in this 
series. Ten prominent workers including the 
editors contributed to the seven sections of 

Volume VII. 

Section A was prepared by Robert T. 
Jones and Doris Cohen of the National Ad- 
visory Committee for Aeronautics. This 
section is devoted to the aerodynamics of 
wings at high speeds. Beginning with a 
review of wing theory for low speeds the 
reader is led through a development of 
the concepts of compressibility, sweepback 
and thin airfoil theory up to the treatment 
of supersonic wing theory. The theory is 
developed in lucid detail and useful tables 
are provided for determing flow fields ad- 
jacent to supersonic wings. This section 
alone could serve as a useful reference for 
the practicing aerodynamicists as indeed it 
probably will. 

Section B is entitled “Aerodynamics of 
Bodies at High Speeds”’ and is a logical com- 
panion of Section A. Clinton E. Brown of 
the National Advisory Committee prepared 
this summary of body aerodynamic theory 
and has done it well. Beginning with a de- 
velopment of the potential flow theory for 
supersonic flow around bodies of general 
cross-section the author takes us through 
pressure drag laws and comparisons with ex- 
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The use of potential theory to 
obtain lift distribution and dynamic stability 
force and moment aerodynamic coefficients 


periment. 


is illustrated. This reviewer was left with 
the feeling that the author may have created 
the impression that the potential theory is 
more successful for bodies than the experi- 
ments indicate. The reviewer was also sur- 
prised to find that the earliest contributors 
to this theory, Von Karman and Moore, 
Tsien, and Ferrari, were not referenced al- 
though their contributions are surely almost 
universally recognized. The aerodynamics 
of hypersonic flow around bodies, including 
shock-expansion theory, and the exact solu- 
tions for supersonic flow around cones were 
also conspicuous for their absence though 
perhaps they are being left for other sections 
of other volumes. 

Section C, ‘Interaction Problems,’’ falls 
in proper order after Sections A and B. 
C. Ferrari, a pioneer in this field, contributed 
this section. Beginning with a description of 
the problem, the author treats wingtail inter- 
ference, wing-body interference and_ pro- 
peller and wing interactions at subsonic 
speeds followed by a treatment of the first 
two problems at supersonic speeds all within 
the framework of linear theory. Where pos- 
sible, comparisons between experiment and 
theory are presented. There is no denying 
that interaction problems are difficult at best 
and the mathematic treatment displayed 
matches the problem. This section presents 
the most comprehensive treatment of this 
problem area known to the reviewer. 

Section D was refreshing to find in a vol- 
ume devoted to high speed aerodynamics and 
jet propulsion. Entitled ‘Propellers for 
High Speed Flight,” it was prepared by C. 
B. Smith of the Pratt and Whitney Division 
of the United Aircraft Corporation. Start- 
ing with simple blade element theory the 
author proceeds to develop propeller thrust 
and torque relations and then, having de- 
veloped the tools to do so, illustrates the 
principles of propeller efficiency, optimum 
propeller pitch distribution for given engine 
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power setting and the’ concept of an ideal 
propeller. The effects of supersonic flight 
on propeller efficiency are treated briefly. 

“Diffusers and Nozzles’’ is the title of Sec- 
tion E prepared by J. C. Evvard of the Na- 
tional Advisory Committee for Aeronautics. 
Starting with a development of one-dimen- 
sional flow equations which serve admirably 
to illustrate the features of compressible, non- 
adiabatic flow through diffusers and nozzles, 
the author discusses the effects of viscosity, 
boundary layer separation and diffuser geom- 
etry on diffuser efficiency. Supersonic dif- 
fusion processes, diffuser performance, sources 
of pressure recovery losses and their remedies 
are discussed in detail. The aerodynamics 
of exit nozzles and jets are dealt with along 
with their implications with respect to jet 
thrust. Perhaps the complexity of the prob- 
lem and the lack of data available prevented 
the presentation of more experimental data 
which the reviewer thought was lacking. 

Section F was prepared by I. E. Garrick 
of National Advisory Committee for Aero- 
nautics and is entitled ‘‘Nonsteady Wing 
Characteristics.’ Beginning with a deri- 
vation of the differential equations for steady 
flow the author establishes a basis for line- 
arizing them, develops a velocity potential 
(time dependent) and establishes the nature 
of the boundary conditions for moving sur- 
faces. Simple solutions for subsonic and 
supersonic flow about two and three dimen- 
sional wing surfaces are developed. Espe- 
cially pleasing is the effort made to graph- 
ically illustrate the analytical concepts. Re- 
lations for use at hypersonic speeds and at 
sonic speeds are presented and discussed. An 
ample discussion of experimental techniques 
used rounds out this valuable contribution 
along with the extensive list of references 
and the bibliography. 

The volume concludes with Section G en- 
titled ‘‘The Experimental Aerodynamics of 
Wings at Transonic and Supersonic Speeds.” 
This section was prepared by C. W. Frick of 
the National Advisory Committee for Aero- 
nautics. We find here much of the compari- 
son of theory with experiment the reader may 
desire after reading the preceding sections. 
Some attention is paid to transonic similarity 
laws and their use for correlating data is illus- 
trated. Direct comparison between theory 
for the simpler planforms treated in earlier 
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sections and experiment serves to demon- 
strate the value of the theory for estimating 
lift and pressure drag. Where failings of the 
theory exist, they are illustrated also. The 
agreement between theory and experiment, 
when it occurs, is gratifying to behold. The 
reviewer wished that this section could have 
been expanded to include comparisons be- 
tween body theory and experiment. 

It is difficult, perhaps even presumptuous, 
to find fault with this volume which repre- 
sents a formidable undertaking. The re- 
viewer found the numbering system for the 
figures and illustrations tedious but realized 
that the system was devised to simplify ref- 
erence to figures used in other sections. A 
more demanding confrontation of the many 
aspects of potential theory presented so ele- 
gantly throughout this volume with appro- 
priate experimental data would have helped 
the reader to put this valuable theory in 
proper perspective. Nevertheless, this vol- 
ume compares favorably with its companion 
volumes and is a valuable addition to the 
library of the aeronautical specialist. 

WILLIAM H. DORRANCE 
Convair 


THE NEw WorLD OF THE Atom, by James 
Stokley. 288 pages, plates, 534 X 81% in. 
New York, Ives Washburn, Inc., 1957. 
Price, $5.50. 


Human understanding of the great new 
force—atomic energy—is a necessary condi- 
tion for viewing it in its proper perspective. 
A writer who attempts to detail this in a book 
tackles a problem of staggering proportions. 
Not only must the past with its historically 
significant background be revealed but the 
present day picture—the state of the art 
today—must be drawn. From this point the 
author must speculate on the aspirations of 
the future. Ina field as fertile as atomic en- 
ergy into which at least $14 billion has been 
funnelled; in a field where activities have in- 
creased from a few scientists in academic in- 
stitutions to hundreds of thousands of sci- 
entists, engineers, mathematicians, adminis- 
trators and laborers in hundreds of academic 
and industrial establishments all over the 
world; in a field which at the start merited 
little attention to one which influences the 
lives of every man, woman and child on the 
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earth, the ability to sort and cull the impor- 
tant developments for inclusion in a book is 
the mark of a skillful writer. 

In The New World of the Atom, Dr. James 
Stokley, one of the ranking science writers 
in the United States, has shown the progres- 
sion from the concepts of Democritus to the 
atom as the key to our welfare and energy of 
the future. 

The author has divided his book into four 
parts. 

The first part is a magnificant exposition 
of the history of the atom in which he shows 
that our understanding was built on specula- 
tions which originated millenia ago. Details 
of the work done in the early 19th century 
and the phenomenal strides made at the close 
of the century are given. In all this writing 
there is a warm intimate approach. For ex- 
ample, when the author writes about Roent- 
gen and his discovery of X-rays, he writes 
“. . someone asked Roentgen what he 
thought when he noticed this strange effect. 

“His reply has become classic—the re- 
sponse of a true scientist : 

““*T did not think,’ he said, ‘I 
gated.’ ”’ 

In the 1920's there was a concerted attack 
on the nucleus and in the early 1930’s came 
the atom-smashers. The descriptions of the 
devices and their operation are complete and 
impressive, as is the story of fission and the 
building of the bomb. 

Part II involves the atom as a source of 
power. Today we would like to believe that 
the greatest effort in the atomic energy field 
is directed toward this goal. Dr. Stokley 
opens this section with an outline of the en- 
ergy needs of the future and the energy po- 
tential of nuclear fuels. In this section the 
author relies on the work of Palmer Putnam 
perhaps too strongly. Here are found com- 
plete descriptions of the various types of re- 
actors. The experience of the author gained 
as one engaged by the U. N. to prepare back- 
ground material for the International Confer- 
ence on the Peaceful Uses of Atomic Energy 
held in Geneva in 1955 is in evidence. With 
this background he has been able to include 
the work in other countries—primarily 
Russia. It is curious how opinions credit 
only the major powers like the U. S., England 
and Russia with the ability to create the 
plants for atomic power. Yet, the author 
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shows that smaller countries Ilke Sweden and 
Canada are also engaged in both fundamental 
research and development of reactors. 

Section III deals with the impact of atomic 
energy. The revolution in ship propulsion 
is discussed. The possibility of nuclear pow- 
ered aircraft and locomotives and even the 
application to space travel is detailed. It is 
refreshing to find the author not offering this 
type of energy as the ultimate for rockets. 
The role of atoms in industry is new but its 
impact has rocked our modern technology. 
It is used to create materials, to gauge thick- 
nesses, to determine wear, to make radio- 
graphs, to check flow in pipe lines, to detect 
pollution (to name a few fields where the 
atom has found work). In all probability the 
atom will play some role in every major 
undertaking of man in the future. There is 
a fascinating chapter on the atom in agricul- 
ture. The use of the atom as a weapon in the 
struggle with insects, its use as a gauge to 
show availability and consumption of fertil- 
izer, the atom as a device to induce favorable 
mutations to create disease-resistant crops 
and its use to preserve foods are described. 
The last chapter in this section deals with the 
use of the atom in biology and medicine and 
in radiocarbon dating. 

The final section deals with the political 
implications of the new force. The author 
describes the change in thinking which has 
finally permitted our scientists to meet with 
those of other countries—including Russia— 
for frank discussions on the atom. Presi- 
dent Eisenhower's dramatic announcement 
before the U. N. on the peaceful application 
of the atom and the implementation of this 
by the offer of large amounts of fissionable 
material are detailed. 

The New World of the Atom is a brilliantly 
conceived, superbly written book on the atom. 

I. M. Levitt 
The Fels Planetarium 


THeory oF Lanp Locomotion, by M. G. 
Bekker. 520 pages, diagrams, 6 X 9 in. 
Ann Arbor, University of Michigan Press, 
1956. Price, $12.50. 


Several years ago this reviewer was en- 
gaged in research on the cross country mobil- 
ity of artillery vehicles for the U. S. Govern- 
ment, and consequently knows some of the 
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problems of land locomotion. In the course 
of his research, he came to know Col. Bekker 
and was much impressed with his knowledge 
of the mechanics of vehicle mobility. It is 
gratifying to know that his experience and 
knowledge are now available in book form. 
This book would have been quite useful when 
the above mentioned research was being con- 
ducted, for it contains a great deal of infor- 
mation on the whole broad field of off-the- 
road locomotion. 

Much of Col. Bekker’s career has been de- 
voted to the study of land locomotion. For- 
merly an officer in the Canadian Army and 
head of its Motor-Vehicle Laboratory, one 
time research professor at Stevens Institute 
of Technology and head of their Motor-Vehi- 
cle Laboratory, he is now at the Detroit Ar- 
senal where he has established a land locomo- 
tion laboratory. His knowledge and sincere 
interest in the improvement of cross country 
transportation are constantly reflected in his 
book. Beginning with an interesting study 
of locomotion in nature where, among other 
things, he reduces an animal’s movement to 
mathematical expressions, he proceeds to the 
study of the development of the wheel from 
early times through the present to ways of 
future progress, and on to the morphology of 
motor vehicles amd environment where the 
form, size and mobility of vehicles are dis- 
cussed. 

In the study of vehicle transportation it is 
essential to know something of the mechanics 
of the supporting media, and so Col. Bekker 
reviews the basic, pertinent soil and snow 
mechanics. Thorough discussions of the ac- 
tion of wheels and the crawlers of track-laying 
vehicles over all types of terrain, and of the 
motion of skis, sleighs and toboggans follow. 
Having analyzed the rolling or sliding parts 
of a vehicle, Col. Bekker then treats the ve- 
hicle as a whole and enumerates the signifi- 
cant facts that must be considered in cross 
country travel. The field is so great that in 
most cases he is able only to pose the problem 
and suggest paths of further research, rather 
than to offer a solution. Knowing something 
of the basic mechanics of soils and behavior 
of wheels and vehicles, the problem next is 
the prediction of the performance of vehicles 
in unknown terrain. Various attempts have 


been made to develop instruments to pre- 
dict the trafficability of soil, but with only 
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limited success. Those and related items in 
the economy of transport are described in 
the chapter on trafficability, performance and 
economy of locomotion. A chapter on scale- 
model testing and one on dimensional theory 
conclude the book. 

Much of the information in Theory of Land 
Locomotion is available, but in widely assorted 
places. Almost 350 references are listed at 
the end of the book. A real service has been 
performed in bringing the data together in an 
orderly arrangement, and in outlining the 
problems that must be faced in the improve- 
ment of cross country transport. In many 
instances, Col. Bekker also has pointed out 
the logical way in which this improvement 
may be sought. 

E. W. HAMMER, JR. 
The Budd Company 


THE CHEMISTRY AND ‘TECHNOLOGY OF 
LEATHER. VOL. I. PREPARATION FOR 
TANNAGE, edited by Fred O'Flaherty, 


William T. Roddy and Robert M. Lollar. 
ACS Monograph No. 134. 495 pages, il- 
lustrations, 6 X 9 in. New York, Rein- 
hold Publishing Corp., 1956. Price, $14.00. 


The Chemistry and Technology of Leather is 
a four-volume monograph covering the vari- 
ous technical aspects of tanning and leather 
manufacture from the pre-tanning stage to 
the finished product, the four volumes being: 
Preparation for Tannage, Tannage, Process 
Control of Quality Leather, and Leather 
Properties. 

Since, by Webster's definition, a monograph 
is a special treatise on a special subject, we 
find that the editors have deviated somewhat 
from this interpretation. However, since the 
field is broad in scope, it has been subdivided 
into smaller logical units, thus actually ful- 
filling the requirements of a monograph and 
at the same time permitting a greater latitude 
in the selection of topics. These monographs 
were compiled to serve a dual purpose: first, 
to provide a complete source of information 
for the chemist or technologist interested in 
a field either directly or indirectly related to 
his immediate activity; second, to arouse fur- 
ther scientific activity in the various phases 
of leather chemistry. Since the nature of the 
work is so diversified an.’ since so much has 
appeared in the literature, it would have been 
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unwieldy to incorporate all the information 
available on a general subject and still main- 
tain a compact volume. Instead, each con- 
tributor has listed a series of references at 
the end of his discussion from which the inter- 
ested reader can gather more complete infor- 
mation and have easy access to original work. 
In the editors’ attempts to present a truly 
authoritative series of monographs, they made 
the contributorship international in scope. 
Where common areas of understanding existed 
these are now more vigorously confirmed; 
where there are conflicts these are now ex- 
posed for further scrutiny; and where fact is 
not existent this too is indicated. This, then, 
is the pattern from which this monograph has 
been fashioned. 

Volume I, entitled ‘Preparation for Tan- 
nage,”’ covers the theoretical aspects of skin 
chemistry as well as the more practical ones 
of Beamhouse operations. For 
the chapters on Non-Protein Constituents of 
Skin, Chemical Structure and Macromolec- 
ular Organization of Skin Protein, Acid and 
Base Binding Properties of Proteins are theo- 
retical in consideration and would be of more 
value and interest to the chemist or scientist 
than to the technologist. For those such as 
the technologists who are probably more in- 
terested in practical applications, there are 
chapters on Preservation of Hides, and Skins, 
Washing and Soaking, Practice of Unhairing, 
Practice of Bating, Pickling, and Skin De- 
greasing. In the intermediate range, one in 
which the chemist and technologist have com- 
mon interests, there are chapters on Histology 
of Animal Skins, Chemistry of Liming, and 
Bating. In reading the book one becomes 
aware of overlapping of subjects in the vari- 
ous chapters. However, this feature enhances 
the value of the monograph since it more 
strongly inter-relates the functions of the vari- 
ous steps in preparing skins for tannage, and 
shows where theory and practice can be com- 
bined to ultimate advantage. 

The chapters on Practice of Unhairing and 
Mechanism of Unhairing are representative 
of the quality and value of this volume. In 
the former chapter, the author, Wendall 
Harris, discusses in detail various chemical 
techniques used in the removal of hair and 
their applications. The technique used is de- 
pendent upon the source from which the skin 
or hide is obtained and the grade of leather 
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desired. He also describes which chemical 
techniques are most advantageous for the 
recovery or destruction of hair. In the latter 
chapter, the author, Henry B. Merrill, frankly 
admits that no one has yet explained the exact 
mechanisms involved in depilation. In his 
discussion on the mechanism of hair destruc- 
tion, however, he indicates that this is fairly 
well understood. As a general introduction 
to the chapter, he talks about the histology 
of hair and the chemistry of keratins, the 
single most important constituent of hair. 
He then discusses the mechanism of hair de- 
struction through the action of alkalies and 
sulfides (and other reducing agents) and 
points out the phenomenon of immunization. 
Hair, when exposed to alkali for short periods 
will no longer be rapidly attacked by other- 
wise totally destructive sulfides. Following 
this explanation, he theorizes, based on prac- 
tical observations, on seven processes used 
in loosening hair. A summary concludes 
this chapter in which he expresses the hope 
that some day the mechanism of unhairing 
will be understood. 

In view of the quality of the information 
contained in this volume and the skill which 
the editors have applied in its compilation, 
this reviewer is looking forward to the suc- 
ceeding volumes. A work of this caliber 
should be a welcome addition to the library 
of a chemist, technologist, or any one inter- 
ested in the production of leather. 

MARVIN PACKER 
The Franklin Institute Laboratories 


ENGINEERING Uses OF RUBBER, edited by 
A. T. McPherson and Alexander Klemin. 
490 pages, illustrations, 6 X 9 in. New 
York, Reinhold Publishing Corp., 1956. 
Price, $12.50. 


Engineering Uses of Rubber is an informa- 
tive book on the applications of rubber as a 
material of construction in many diversified 
engineering fields—civil, mechanical, elec- 
trical, and chemical. As in other books of 
this type—one which is edited rather than 
authored—each chapter is written by an au- 
thority on a particular topic, thus lending 
added significance to the individual discus- 
sions. Each author, wherein possible, has 
pointed his discussion on the application of 
rubber through a better understanding of fun- 
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damental properties. This gives the reader 
a deeper appreciation of rubber as a material 
of construction so that he may better qualify 
to utilize this product to its fullest advantage. 
There is sufficient and diversified informa- 
tion in this book that makes it of interest to 
anyone who finds himself in a position where 
the use of rubber is indicated whether he be 
specialized engineer or a materials engineer. 
The rubber technologist or anyone connected 
with the manufacture of rubber will also find 
valuable information contained herein. 

The introduction relates the history of 
rubber, and briefly explains how the different 
types of rubbers are made. The author also 
attempts to differentiate between what is 
commonly called rubber and synthetic rubber 
or elastomers. In subsequent chapters we 
find discussions on the compounding and 
manufacture of rubber, and the effect of the 
individual ingredients comprising a formula- 
tion on the end properties of rubber. The 
chapter General Engineering Properties of 
Rubber concisely discusses stress-strain char- 
acteristics and its ramifications and the vari- 
ous moduli, elasticity, compression, shear, and 
bulk (volume compressibility). The usual 
physical properties are discussed as well as 
test procedures such as tensile, tear, and 
hardness. 

There is a chapter on The Design of Rubber 
Mountings which explains how the tension, 
shear, and compression properties of rubber 
are to be evaluated in any design. The chap- 
ter on Deterioration of Rubber from Use and 
with Age discusses the effects of environment 
on rubber. The chapters on rubber in the 
fields of Civil, Electrical and Chemical Engi- 
neering show which properties are extremely 
important in selecting a certain rubber for 
a given application. The various types of 
rubber discussed are: Natural, Butadiene- 
styrene (GR-S), Butyl, Nitrile, Neoprene, 
Polyvinyl Chloride, Thiokol, Silicone and 
Acrylate. Some plastics such as polyethyl- 
ene, nylon, teflon and mylar are also included 
and are compared to rubber. 

No book on rubber would be complete with- 
out a chapter on tires, and in this one the 
author has described the physical properties 
of good tire rubber, its construction, and man- 
ufacture. The uses of rubber in conveyer 
belts, in aviation, and for new or special pur- 
poses (e.g., cements) are also discussed in 
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other chapters. A chapter devoted to Speci- 
fication and Inspection of rubber products 
discusses the various test procedures, how to 
prepare specifications and why they are nec- 
essary, and the method and function of 
sampling. 

The last chapter entitled Molecular Struc- 
ture and Mechanical Properties of Polymers 
attempts with the aid of rheology to show the 
relationship between molecular structure and 
mechanical properties. This last chapter is 
too brief in its treatment of so difficult a sub- 
ject although what the author has discussed 
has been done well. 

MARVIN PACKER 
The Franklin Institute Laboratories 


STRESS CORROSION CRACKING AND EMBRIT- 
TLEMENT, edited by William D. Robertson. 
202 pages, illustrations, 6 X 9 in. New 
York, John Wiley & Sons, Inc., 1956. 
Price, $7.50. 


The Symposium on Stress Corrosion Crack- 
ing, arranged by the Corrosion Division of 
the Electrochemical Society, was held at Bos- 
ton in October, 1954, exactly ten years after 
a symposium on the same subject, sponsored 
by the American Society for Testing Materi- 
als-American Institute of Mining and Metal- 
lurgical Engineers. The preceding collection 
of papers demonstrated that the phenomena 
of cracking were observed in many alloys and 
chemical environments; nevertheless, failure 
in service was not generally a limiting factor 
in designing structures, and, in some alloys, 
the mechanism was sufficiently well under- 
stood so that appropriate alloys or heat treat- 
ments could be specified to avoid failure. 

The experience of the past ten years has 
shown, however, that in some instances stress 
corrosion cracking has become a limiting fac- 
tor in design. Inevitably, this has occurred 
in alloy systems in which the mechanism of 
cracking is not well understood and under 
conditions in which alloys are called upon to 
perform close to the present limit of their 
mechanical and corrosion-resistant proper- 
ties. On the other hand, in the past ten 
years, our knowledge of the structure of 
metals and alloys has increased tremendously. 
In view of the pressing demand for solutions 
to this problem and the availability of new 
ideas and experiments, the time seemed ap- 
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propriate to reconsider the problem and, in 
particular, to concentrate on those areas where 
the previous symposium has indicated only a 
limited understanding of mechanism. 

The 14 papers presented in this symposium 
discuss the phenomena and mechanism of 
stress corrosion cracking, structural factors, 
boundary adsorption, effects of hydrogen, and 
investigations of stress corrosion cracking in 
various metals. 

SAMUEL F., Erris 
American Society for Testing Materials 


ANNUAL REvIEW OF NUCLEAR SCIENCE. 
VoLuME 6. 1956, edited by J. G. Beck- 
erley. 471 pages, diagrams, 6 X 834 in. 
Palo Alto, Annual Reviews, Inc., 1956. 
Price, $7.00. 

This 1956 volume is similar to those of the 
past in its broad spectrum coverage in nuclear 
science, in its general usefulness, and in its 
general excellence of articles. Thirteen arti- 
cles originating from eleven American, one 
Indian and one German laboratory cover 
such diverse subjects as cosmic rays, radia- 
tion effects in solids, reactors, nuclear data, 
techniques, isotope effects, nucleon polariza- 
tion, and radiobiology. 

Most of these review articles are critical, 
thorough surveys wherein theory, experiment 
and their interrelationship are discussed. Of 
all of the articles, only the one on oxygen iso- 
tope applications tends toward being an an- 
notated bibliography, and it is to be noted 
that the author complained of space limita- 
tions. All of these articles are useful, as be- 
fore, in that they supply workers in specific 
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fields with discussions of recent literature and 
in that they supply modern surveys for the 
non-specialist. It should be noted that there 
are over 1300 references. 

Several of these reviews restrict themselves 
to covering the last four or three or one year, 
that is, to the interval since the last review. 
But this does not mean that such reviews will 
be bare of discussions of fundamentals. The 
exact converse is true in the cases of the sur- 
veys in cellular radiobiology and radioactive 
effects. These are the longest in the book, 
have the most references, and cover subjects 
of intensive current research. Both articles 
discuss advances in our knowledge of funda- 
mental principles in these fields. 

If there is something to criticize it is that 
less than half of the surveys have some form 
of summary which might inform the reader 
(and make life easier for the reviewer) as to 
what direction we are moving and what cur- 
rent or future research may tell us. 

The titles of the articles are: Time Varia- 
tions of Primary Cosmic Rays, Polarization 
of Fast Nucleons, Excitation of Nuclei by 
Charged Particles, Isotope Shift in Atomic 
Spectra, Properties of Medium-Weight Nu- 
clei, Generalized Acidity in Radiochemical 
Separation, The Masses of Light Nuclides, 
Nuclear Radiation Effects in Solids, Applica- 
tions of Oxygen Isotopes in Chemical Studies, 
Recent Advances in Low Level Counting 
Techniques, Nuclear Reactors for Electric 
Power Generation, Cellular Radiobiology and 
Vertebrate Radiobology: Embryology. 

LEONARD MULDAWER 
Temple University 
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THE HANDBOOK OF ROCKETS AND GUIDED 


MissILEs, by Norman J. Bowman. 328 
pages, diagrams, 54% X 8% in. Chicago, 


Perastadion Press, 1957. Price, $6.50. 


This is an excellent reference book for those 
interested in rockets, guided missiles and 
space travel. It is divided into two sections. 
The first deals with various types of missiles, 
jet motors, rocket motors and finally satellites. 

The second section is of significant value to 
the engineer for all available data on rockets 
and guided missiles are given together with 
outline drawings. 

A complete reference section gives the 
source of data used. 

The appeal of this book is limited but to 
those engaged in some facets of rockets and 
guided missiles fields it is of inestimable value. 


INVENTORS AND INVENTIONS, by C. D. Tuska. 
174 pages, diagrams, 6 X 9 in. New York, 
McGraw-Hill Book Co., Inc., 1957. Price, 
$3.75. 


The author, Director of Patent Operations 
at RCA Laboratories, has expanded the theses 
set forth in two JOURNAL papers to a full- 
length book on Inventors and Inventions. He 
begins with the inventions of primitive man 
(clothing, weapons, tools), and proceeds to a 
discussion of how environment influences in- 
vention. This chapter plots the number of 
patents granted per state (in the U. S.) plot- 
ted as a function of general population, of 
professional society population, of average 
temperature; the author then develops the 
thesis that contact with other scientists and 
inventors is of importance to the ‘‘new”’ in- 
ventor. In the section on Education and In- 
vention, the author points out that in a study 
of 1000 patent applications filed for 100 in- 
ventors, 44 of the 100 had the B.S. or B.A. 
degree, 25 had an M.S. or M.A., 21 the Ph.D. 
and 10 had no degree. Other topics covered 
in an equally readable style are: Age and Sex 
of Inventors (most productive years are 35- 
39) ; Psychology of Inventors; and Methods 
of Inventing. 

Separate chapters are devoted to these vari- 
ous approaches to invention: Experiment— 
Happy Accident—Serendipity; The Direct, 
Painstaking Approach; Synthesis—Imagina- 


tion—Foresight ; Scientific Curiosity—Eager- 
ness to Learn—Pioneer Spirit. Each of these 
four chapters contains historical examples of 
inventors who solved their problems using the 
method under discussion. 

The remainder of the book discusses patent- 
able inventions, patent law, preparation of 
patent applications and marketing of the 
invention. An appendix reviews and dis- 
cusses several law cases involving patents. 


THE PRESENTATION OF TECHNICAL INFORMA- 
TION, by Reginald O. Kapp. 147 pages, 


5 X 7% in. New York, The Macmillan 
Co., 1957. Price, $1.95. 


First published in England in 1948, this 
useful series of lectures is now available in the 
United States. The lectures are aimed at 
technical people, to help them improve their 
written reports and articles. Fifteen short 
chapters cover such topics as: functional Eng- 
lish and its problems; choice of material ; mak- 
ing it easy to understand; on meaning what 
you say;etc. By following the author’s sug- 
gestions, technical men should be able to 
write their reports in a more commanding 
way. 


HANDBOOK OF SOLVENTS. VOLUME 1: PURE 
HyprRocaRBons, by Ibert Mellan. 249 
pages, 6X9 in. New York, Reinhold 
Publishing Corp., 1957. Price, $6.50. 


This is the first volume in a proposed sev- 
eral volume work on the composition and 
properties of industrial solvents, compiled for 
workers in industries using solvents. Written 
by an expert with 25 years of experience in 
chemical industry, this first volume covers all 
types of pure hydrocarbons—aliphatics, aro- 
matics and terpenes. To facilitate ready use, 
commercial and proprietary names are used 
instead of chemical nomenclature. The hy- 
drocarbon solvents are classified according to 
distillation range, and their properties re- 
corded in tabular form. 

After an introductory chapter covering per- 
tinent general interest topics (coal, evapora- 
tion rate, gravity, safe handling, vapor pres- 
sure, etc.), each of the three major classifica- 
tions mentioned above occupies a section of 
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Within each section, each solvent 
Since 


the book. 
discussed occupies one page of text. 
the solvents are listed by order of distillation 
range, the easiest way to locate a particular 
solvent is to look it’up in the index, for there 
is a wide overlap in the distillation ranges. 
In future editions, it might be well to set off 
the names of the solvents in boldface type. 


EXPERIMENTAL PsyCHOLOGY AND OTHER 
Essays, by I. Pavlov. 653 pages, plates, 
5% X 84 in. New York, Philosophical 
Library, 1957. Price, $7.50. 


This comprehensive anthology of the writ- 
ings of the great Russian physiologist, Pavlov, 
will prove of interest to physiologists and psy- 
chologists as a record of one of the 19th cen- 
tury’s greatest experimenters in the field of 
physiology. An introductory section by Kh. 
S. Koshtoyants evaluates Pavlov's works; a 
second section is Pavlov’s autobiography. 
The rest of the volume contains Pavlov’s lec- 
tures, papers, etc., covering works on blood 
circulation, digestion, nervous activity, sleep, 
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hypnosis and psychology. A final section 
contains excerpts of Pavlov’s statements at 
the “‘Wednesday”’ gatherings. 


THE Sun, by Giorgio Abetti, translated by 
J. B. Sidgwick. Third edition, 336 pages, 
plates, 544 X 8% in. New York, The 
Macmillan Co., 1957. Price, $12.00. 


In 1934 one of the most authoritative books 
to appear on the sun was published. The 
author, Giorgio Abetti, maintained his own 
observatory at Arcetri, Italy where the sun 
was the principal celestial object under study. 
From his first hand knowledge of the sun, 
Professor Abetti contributed a chapter on 
solar physics to the ‘Handbuch der Astro- 
physik” which he later enlarged into his book. 

Today, twenty-two years later, the third 
edition is off the press. It brings the former 
work up-to-date and incorporates the latest 
findings from researchers all over the world. 
® Just as it was a must in the early days, so 
it fills a need today for a single comprehensive 
work on the sun and solar physics. 


PUBLICATIONS RECEIVED 


The Editors wish to call attention to the following books, received in the JOURNAL office 
for review. Lack of space prevents publication of reviews. 


Revised third edition of a work 
New 


MopERN PULP AND PAPER MAKING, by John B. Calkin. 
previously prepared by George S. Witham. 549 pages, illustrations, 6 X 9 in. 
York, Reinhold Publishing Corp., 1957. Price, $10.00. 

ELECTRICAL SysTEMS DESIGN, by Joseph F. McPartland and the Editors of Electrical Con- 
struction and Maintenance. 140 pages, 8} X 11 in. New York, McGraw-Hill Book Co., 
Inc., 1957. Price, $6.00. 

FounDATIONS OF RapIo, by M. G. Scroggie. Sixth edition, 349 pages, diagrams, 54 X 8 in. 
New York, Philosophical Library; London, Iliffe & Sons, Ltd.; 1957. Price, $10.00. 
ELEMENTARY PRACTICAL ORGANIC CHEMISTRY, PART I, SMALL SCALE PREPARATIONS, by 
Arthur I. Vogel. 361 pages, diagrams, 53 X 84 in. New York, Longmans, Green and 

Co., Inc., 1957. Price, $4.50. 

THe History OF MATHEMATICS, by Joseph E. Hofmann. 
Philosophical Library, 1957. Price, $4.75. 

Boy’s Book or Frocs, ToaADs AND SALAMANDERS, by Percy A. Morris. 
tions, 54 X 84 in. New York, The Ronald Press Company, 1957. 

RUTHERFORD, ATOM PIONEER, by John Rowland. 160 pages, 43 X 7} in. 
Philosophical Library, 1957. Price, $4.75. 

ELEMENTARY THEORY OF STRUCTURES, by Chu-Kia Wang and Clarence Lewis Eckel. 387 

New York, McGraw-Hill Book Co., Inc., 1957. Price, $7.50. 


132 pages, 54 X 8 in. New York, 


240 pages, illustra- 


Price, $4.00. 
New York, 


pages, diagrams, 6 X 9 in. 
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Completely Transistorized Com- 
puter.—The Government and In- 
dustrial Division of Philco Corpora- 
tion is constructing the first of two 
completely transistorized TRANSAC 
S-2000 computers to be delivered in 
1958. TRANSAC Type S-2000 is a 
large scale completely transistorized 
Electronic Data Processing System 
designed for on line and off line com- 
mercial, scientific and military ap- 
plications. Incorporating a combina- 
tion of transistors and printed cir- 
cuitry, first developed by Philco to 
meet the rigid requirements of air- 
borne control systems, this system is 
designed to offer the advantages of 
extreme compactness, light weight, 
low power consumption, high speed 
and extreme reliability. 

The highly developed Philco tran- 
sistors, unlike vacuum tubes, require 
no periodic replacement thereby 
greatly decreasing the problems of 
preventive and operative mainten- 
ance. Generating comparatively 
little heat, the S-2000 requires only a 
small fraction of the air conditioning 
equipment normally required for large 
scale computers—in fact, only the 
amount of cooling normally needed 
for human comfort is sufficient, as 
compared to the requirements of some 
current systems using up to 40 tons 
of air conditioning. 

Ready to operate upon delivery, 
the TRANSAC S-2000 computer por- 
tion of the system will entail no 
installation work or special power 
wiring and may be plugged into exist- 
ing 110 volt, 60 cycle convenience 
outlets. 

Because the air conditioning and 
power requirements are negligible 
and because the TRANSAC computer 
weighs only 6000 Ib., a saving of up to 
$250,000 in installation ,costs is pos- 


sible through the use of a Philco 
TRANSAC S-2000 system. 

The system consists of the central 
computing unit, a paper tape input 
and output similar to teletype and 
magnetic tape units. These magnetic 
units use tape similar to that used on 
home or commercial tape recordings. 
The computer also has a magnetic 
core memory for hi-speed internal 
storage (256,000 characters of in- 
formation) and can perform 39,000 
additions per second, 39,000 subtrac- 
tions per second, 12,000 multiplica- 
tions per second or 10,000 divisions 
per second. 

The magnetic tape is made of 
plastic and is 2400 ft. long containing 
over 5 million alphabetical or num- 
erical characters or the equivalent of 
65,800 fully punched, eighty column, 
tabulating cards requiring five filing 
cabinets for storage. 

The computer will accept informa- 
tion from the tape at the rate of 15,000 
alpha-numeric characters every sec- 
ond and can write on the tape at the 
same speed. This is equivalent to 
“reading” the dictionary in approxi- 
mately seven minutes. 

A hi-speed printer used with this 
system could print at the rate of 600 
lines per minute or 10 computer lines 
of 120 characters each every second, 
which is the equivalent of printing 
over 4 million characters every hour. 
As an example, the printing of payroll 
checks with 6 lines of information per 
check could be done at the rate of 100 
checks every minute or the entire pay- 
roll for 10,000 employees in less than 
two hours. (It would take a typist 
30 days to complete this task.) 

The complete Philco system will 
occupy no more space than 250 sq. ft. 
and could be.placed on a 15 X 15 ft. 
rug. Many present day systems re- 
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quire up to 4000 sq. ft. or an area 
equivalent to two medium sized ranch 
homes. 

Philco’s TRANSAC S-2000 Elec- 
tronic Data Processing System is 
available on a variety of purchase or 
rental plans. 


Prefabricated Sound Enclosure Re- 
duces Transformer Sound Level.— 
At Schenectady, N. Y., the Niagara 
Mohawk Power Corporation has in- 
stalled what is believed to be the 
world’s first transformer with a pre- 
fabricated sound enclosure. Tailor- 
made, the sound enclosure has re- 
sulted in a 19.6-decibel sound reduc- 
tion for this 5000-kva, 34.5 General 
Electric transformer. 

The oil-filled, load-tap-changing 
transformer was specifically engi- 
neered by the company’s Medium 
Transformer Department, Rome, Ga. 
It is the first integrated transformer 
and sound enclosure capable of being 
fully assembled and pre-tested at the 
factory. 

Core and coil assembly are of con- 
ventional design in all particulars but 
the tank which is completely encased 
in an additional steel sound enclosure, 
according to General Electric design 
engineers. Cooling tubes are mounted 
in a separate external tube bank and 
connected to the transformer by four 
resilient oil pipes. The transformer 
tank and sound enclosure are mounted 
on a common concrete pad. Vibra- 
tion isolation of the two components 
is accomplished by resilient tank 
mounts and by a rubber diaphragm 
assembly at each of four high-voltage 
cover bushings, at one cover-mounted 
pressure relief device, and at each of 
four tank-to-tube-bank oil pipes. 
The tube bank is mounted on an ex- 
tension of the transformer’s founda- 
tion pad. 

The sound enclosure is of one-piece, 
all-welded construction with what 
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General Electric engineers call a 
“moderate amount” of internal and 
external bracing to provide enough 
rigidity for easy handling at the 
factory and ir the field. Principal 
accessories and the load-tap-changer 
mechanism are grouped together on 
the low voltage side of the tank and 
are accessible through hinged and 
bolted enclosure openings. Small 
glass windows are provided for ob- 
servation of indicator dials. 

Glass fiber bats are used to help 
decrease the sound level. Some of 
the bats are mounted on the inner 
sides of the enclosure while others are 
mounted on the outer surfaces of the 
transformer tank. In order to mini- 
mize their thermal insulating effect, 
all bats are spaced at least one inch 
from the surface on which they are 
mounted, engineers said. 

General Electric engineers say that 
this initial installation does not repre- 
sent the ultimate in noise reduction. 
Similar enclosures can be made to 
reduce the sound level of a trans- 
former by upwards of 20 decibels. 


Atomic Radiation Increases Burn- 
ing Speed of Fuels.—The possibility 
that atomic radiation can be used to 
make fuels burn faster in aircraft or 
rocket engines has been raised by a 
University of Michigan chemical en- 
gineer. Associate Prof. Stuart W. 
Churchill told the 131st national 
meeting of the American Chemical 
Society that experiments at The 
University of Michigan had shown 
radiation from a powerful bit of radio- 
active gold can increase the burning 
speed of fuel by 50 per cent. 

The discovery means that smaller 
engines with radioactive ‘sources’ 
might be used to do the job of bigger 
ones, Professor Churchill said. Since 
every pound saved in a component of 
an aircraft means an additional saving 
of ten’pounds elsewhere in the plane, 
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the announcement is expected to be of 
considerable interest in the aero- 
nautical field. 

Conceivably aircraft, rockets or 
missiles could be equipped with radia- 
tion sources to whittle down engine 
weight and the space required for the 
combustion process. The discovery 
also suggests existing engines could be 
made more efficient or could operate 
at higher altitudes. 

Professor Churchill emphasized the 
study was a preliminary one, and that 
the results show an increase in the 
burning speed of a given amount of 
fuel, rather than an increase in power 
from it. 

He attributed the success of the 
test to the fact that the source em- 
ployed had a rating of 10,000 curies— 
one of the most intense ever used for 
irradiation purposes. 

He said the radiation given off by 
the gold—beta particles, or the “‘satel- 
lite’ electrons from gold atoms— 
caused certain parts of the fuel to be 
more reactive chemically, and to burn 
faster. 

The results were roughly the same 
for all the fuel-air mixtures tried and 
at pressures ranging from those found 
at 30,000 ft. and 50,000 ft. altitude, 
he said. 

Investigations of the ways different 
types of radiation effect combustion 
have been made before, Prof. Church- 
ill noted, but because of the greater 
strength of the gold, “these are the 
first studies to reveal a strong effect.”’ 

One ounce of gold wire, three- 
thousandths of an inch in diameter, 
was used in the test, which was 
sponsored by the Air Force’s Office of 
Scientific Research through the U-M’s 
Engineering Research Institute. 

Because the gold had a “‘half-life’’ 
of three days—that is, it lost half its 
strength the first three days, half the 
remainder the next three, and so on— 
special arrangements had to be made 
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for the experiment, Professor Church- 
ill said. 

An Air Force plane picked up the 
source shortly after it was removed 
from an Atomic Energy Commission 
nuclear reactor at Idaho Falls, Ida. 
Carried in a 1000-lb. lead container, 
the gold was flown to the University’s 
Willow Run Airport, where the plane 
taxied to within a few hundred yards 
of where the experiment was to be run. 

A truck carried the container to the 
laboratory, and the gold was unloaded 
and installed under water within 24 
hours after leaving the reactor. 
Thirty tons of bagged cement and one 
and one-half tons of lead sheet were 
placed around the apparatus, and the 
water drained away. 

A stream of propane gas was di- 
rected through the “nest” of radio- 
active wire, then ignited. Propane is 
a component of natural gas and 
gasoline, and Professor Churchill and 
his associates believe other fuels 
would behave the same way. 

Because work had to proceed 24 
hours a day for three weeks, and 
because each person could remain in 
the area only a short period of time so 
as to not exceed his radiation toler- 
ance, about 20 engineers were mar- 
shalled for the project. 

When they were finished, the gold 
had lost most of its potency. ‘That 
is one of the advantages of using such 
a source,” Prof. Churchill said. 
‘There is no waste problem when you 
are finished.”’ 


“Cat Eye” to View Mars.—The 
“Cat Eye” light amplifier of the U. S. 
Air Force’s Air Research and Devel- 
opment Command (ARDC), may 
provide the means for answering the 
questions about the “‘canals’” on the 
planet Mars. It may also provide 
the answers to other questions that 
have long concerned astronomers. 

This may be accomplished by tak- 
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ing better photographs than previ- 
ously possible, even with the finest 
telescopes, using conventional photo- 
graphic methods. 

The ‘‘Cat Eye” which grew out of a 
research program of the Air Research 
and Development Command under 
the sponsorship of ARDC’s Aero- 
nautical Research Laboratory at 
Wright Air Development Center 
WADC), Dayton, Ohio, can see a 
scene at night and reproduce it with 
daylight brightness, even when the 
human eye can see nothing. Research 
work on ‘‘Cat Eye” transducers was 
conducted for ARDC by Westing- 
house Corporation and the Radio 
Corporation of America. 

Conventional photographs of plan- 
ets and other heavenly bodies taken 
even with the best telescopes suffer 
from the ‘‘jitters.’’ The ‘“‘jitter’’ is 
caused by tremors of air masses in the 
earth’s atmosphere which affect the 
resolution of distant objects such as 
planets and galaxies, because the light 
is deflected first in one direction and 
then in another. An example is the 
shimmering of starlight seen on a 
clear night. This shimmer causes the 
photographs to blur, since conven- 
tional photographic techniques re- 
quire exposures of several seconds for 
Mars, and even longer periods for 
more distant planets or the stars. 

By using ‘‘Cat Eye’ with a tele- 
scope of only 24-in. diameter, it is 
expected that pictures of Mars may be 
made in a few thousandths of a second 
thereby shooting ‘‘between’’ the 
tremors in the atmosphere. 

To the human eye, light appears to 
be steady and continuous. Actually 
it is composed of many separate pho- 
tons, each of which is a separate small 
train of light waves. The human eye 
detects only about one photon in 
twenty, enough to see by daylight or 
lamplight. 

In comparison, the “Cat Eye” con- 
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tains a transducer which collects and 
converts photons much more effi- 
ciently than the human eye. It per- 
mits a useful total light amplification 
of several hundred million times. 
Also, the latest transducer is especially 
improved in sensitivity in the red and 
near infrared portions of the spectrum, 
which are most suitable for observa- 
tions of planets. 

Photographic exposure times can be 
reduced 16,000 times with “Cat Eye,” 
according to Mr. Radames K. H. 
Gebel, of WADC’s Aeronautical Re- 
search Laboratory. This will permit 
photographs that might reveal the 
nature of the ‘“‘canals’’ and other 
features of Mars, and also make it 
possible to see perhaps 100 times 
farther into space than with the finest 
telescopes using conventional photo- 
graphy. A transducer produced by 
RCA is especially suitable for this 
long distance photography. 

Although the time and place for the 
first astronomical uses of the “Cat 
Eye” have not yet been chosen, Dr. 
Lee Devol, Chief of WADC’s En- 
gineering Physics Research Branch, 
said that the matter is being discussed 
with leading astronomers. 

Brigadier General Thomas _ L. 
Bryan, Jr., Commander of WADC, 
said that technical development work 
on the new transducer has_ been 
initiated by the Center’s Electronic 
Components Laboratory which will 
prepare them for use in aircraft. 
The Center’s Aerial Reconnaissance 
Laboratory is planning integration of 
the ‘‘Cat Eye” into reconnaissance 
systems which can take aerial pictures 
at night. 


Artificial Respiration by Electron- 
ics.— A new experimental electronic 
system that enables a polio victim to 
use respiratory muscles that are still in- 
tact to control the breathing of his 
iron lung was described at the In- 
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stitute of Radio Engineers’ annual 
convention. The novel system was 
described by Dr. L. H. Montgomery, 
of the Vanderbilt University School of 
Medicine, who stated that although 
the equipment is still in an experi- 
mental stage, the National Founda- 
tion for Infantile Paralysis plans to 
make it available to polio centers ‘‘as 
soon as it is practical to do so.”’ 

Even in the severest cases of 
paralysis, Dr. Montgomery reported, 
the victim is left with control of a few 
muscles which contract when he tries 
tobreath. This contraction generates 
minute voltages that can be detected 
by sensitive electrodes placed on the 
skin. The voltages are then fed to 
electronic equipment which amplifies 
them and uses them to control the 
flow of air to and from the iron lung 
or other type of respirator in accord- 
ance with the patient’s needs. 

The new respirator is expected to 
be a great boon to patient morale and 
comfort. In previous types he is 
compelled to eat, drink and talk in 
rhythm with a motor driven air pump, 
whereas, now he will be able to control 
his own breathing to suit himself. 


Electronic Mail Sorting System 
Proposed.—<An electronic system for 
sorting mail automatically was dis- 
closed at the Institute of Radio En- 
gineers national convention recently. 
The system, described by M. M. Levy 
and A. Barszezewski, is under devel- 
opment by the Canadian Post Office 
Department in Ottawa. Operators 
in special reading stations convert the 
names of towns, villages and streets 
into a special code suitable for elec- 
tronic handling. After the code is 


marked on the envelope by a special 
keyboard, the remaining operations 
may be performed completely auto- 
matically by high-speed 
sorting equipment. 


electronic 
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Atomic Power Plant for Seawolf.— 
The atomic power plant for the Navy 
submarine Seawolf, recently commis- 
sioned, should be able to drive the 
Seawolf the equivalent of more than 
three times around the world, con- 
suming an amount of fuel about the 
size of a softball. 

Frederick E. Crever, general man- 
ager of the Knolls Atomic Power Lab- 
oratory (KAPL) said that the Seawolf 
power plant, developed and designed 
at KAPL, could operate for more than 
80,000 miles without need for a new 
fuel charge. 

The nuclear reactors used in both 
the prototype plant and the Seawolf 
are classified as intermediate energy 
neutron spectrum reactors. Mr. 
Crever said that their design and 
operation represent a major techno- 
logical and engineering contribution 
to the nation’s program of reactor 
development. 

The selection of liquid metal coolant 
for use as a primary fluid in the power 
plant system was made to secure the 
advantages of high pressure, high 
temperature steam for use in small- 
size, modern steam turbines and 
propulsion equipment, he explained. 

‘“‘As has been reported in the press 
during the past several months, 
fundamental corrosion and metal- 
lurgical problems have developed in 
certain components of the steam 
generating system in the Seawolf 
power plant as well as in these com- 
ponents in the prototype located at 
West Milton,” Mr. Crever stated. 

The success of the pressurized water 
cycle used in the submarine Nautilus 
and the adequacy of this cycle to 
satisfy all the presently known needs 
of a nuclear Navy have resulted in 
Navy actions to terminate further 
development of the sodium cycle for 
submarine application, the KAPL 
general manager said. 

KAPL scientists and engineers are 
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now working on two new projects 
for the Navy, both utilizing pres- 
surized water cycles. They are the 
Submarine Advance Reactor which 
will power the new Navy submarine 
Triton, now under construction at 
Groton Conn., by the Electric Boat 
Division of the General Dynamics 
Corporation, and the power plant for 
a Navy destroyer class vessel. The 
Triton, to be the largest underwater 
craft ever built, will be designed to 
operate in conjunction with a fast 
carrier task force and to provide it 
with radar information. 

Mr. Crever said that “‘it is proposed 
that protoyotype power plants of both 
the Naval units will be erected and 
operated at KAPL’s West Milton, 
N. Y., test site prior to the construc- 
tion of the shipboard units.”’ 

It is further proposed, he said, that 
the steel sphere at the West Milton 
site be retained for possible future use 
in experimental operation of proto- 
type nuclear power plants. Operation 
of the prototype of the Seawolf’s power 
unit was terminated March 1, 1957. 

The Seawolf prototype plant went 
critical in March, 1955. In June that 
year, the unit completed a run which 
would have taken it the equivalent of 
2,250 miles non-stop, fully submerged. 
This is the distance between St. Johns, 
Newfoundland, and Dover, England. 

On July 18, 1955, excess steam 
from the prototype was used to 
produce the free world’s first com- 
mercially distributed atomic power 
for homes and industries. It was on 
that day that steam generated in the 
prototype unit first turned a General 
Electric turbine-generator to produce 
atomic electricity to be sent over lines 
of the Niagara Mohawk Power Cor- 
poration. 

The Seawolf was launched July 21, 
1955, at Groton, Conn., by the 
Electric Boat Division of the General 
Dynamics Corporation, and has com- 
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pleted initial sea trials, operating both 
surface and submerged, responding 
fully to all maneuvers without inci- 
dent, Crever said. 


Year-Round Air Conditioning with 
Heat Pumps.—An ingenious heating- 
cooling method called a heat pump, 
which was originated more than 100 
years ago, is today attracting major 
interest as a means of providing year- 
round air conditioning for commercial 
and industrial buildings. 

According to William Hillen, ap- 
plied equipment sales manager for 
Carrier Corporation, Syracuse, N. Y., 
there are solid economic reasons for 
this current rising acceptance. One 
of the important ones is the fact that 
many utilities are promoting the use 
of electrically-operated heating equip- 
ment in winter to balance the heavy 
demand for electricity in the summer- 
time resulting from the growth of air 
conditioning. Another is the fascinat- 
ing number of ways that heat pump 
systems can be engineered for parti- 
cular jobs in order to provide maxi- 
mum economy for the particular 
requirements of the customer. 

The time is past when heat pumps 

with few exceptions—were designed 
primarily for the mild climate of the 
Southeast and California coastal areas. 
Today in places much farther North a 
heat pump may be practical because 
there are so many newlydeveloped 
ways of putting a system together. 

Carrier Corporation, which has 
been installing heat pump systems for 
years, recently introduced a new 
packaged heat pump for residential 
and small commercial buildings and 
also announced a new series of assem- 
blies and detailed information for 
job-engineered heat pump systems. 

The wide range of installation 
possibilities has given new life to the 
use of heat pumps in many sections of 
the country, Mr. Hillen said. 
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Essentially, a heat pump is a device 
which takes heat from one place and 
discharges it at a higher temperature 
in another. Thus in the summer a 
conventional air conditioning system 
is a heat pump because it takes heat 
from inside the room it is cooling and 
discharges it outside. And in the 
winter a heat pump system turns it- 
self around and takes heat from out- 
side the space and discharges it into 
the room to be warmed. 

Almost anything might serve as a 
source of heat—even a block of ice 
has heat in it—but the most practical 
sources to date are water and air. 
And one of the most fascinating as- 
pects of such a system is that you are 
actually taking heat from another 
substance rather than converting fuel 
or power into heat, and thus you are 
getting something for nothing. Ina 
water-source heat pump, you might 
get as many as seven units of heat 
energy for every unit of electrical 
energy put into the system. 

Wherever there is a cheap, depend- 
able, easily disposed of supply of good 
water, a water-source heat pump is 
likely to be the choice. Where it 
isn’t, air as a source is the probable 
answer, and it is here that the extra- 
ordinary array of different, job- 
engineered heat pump systems will be 
used. 

The tmost common approach is 
simply to draw outside air over a coil 
where heat will be extracted from it 
by refrigerant evaporating inside. 
The heat may then be discharged into 
the conditioned space through forced 
air ducts or through warm water 
piping connected to air conditioning 
convectors in each room. 

But in many applications, people, 
lights, office or industrial machinery, 
or even cows and pigs may serve as 
so many little furnaces to help heat 
other spaces. 

Consider the farmer with a well- 
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insulated cattle or pig barn. The 
animals in the barn may be producing 
more than enough heat to keep it 
warm in winter. With a heat pump, 
the farmer might take the heat while 
throwing away the odor, and use it to 
warm his house in winter. 

A more likely place might be a 
department store where crowds and 
intense lighting create such large 
amounts of heat in shopping areas 
that cooling is required even in the 
dead of winter. In this application, 
cooling the air is actually a process of 
extracting heat from it and this can be 
sent to office spaces or other areas 
where heating is needed. Similar 
applications are possible in industrial 
plants when machinery or processes 
involving heat may create unpleas- 
antly high temperature. A heat pump 
system can cool the plant and warm 
the offices at the same time. 

Variations like these are making 
heat pump systems practical in much 
wider areas of the country, Mr. Hillen 
said. 

He pointed out also that cold 
weather problems are frequently not 
so great as many people think 

A survey taken by Carrier, he said, 
indicates that in a number of cities 
across the country considered “‘cold”’ 
there are actually comparatively few 
days during the year below freezing. 
Syracuse, N. Y., for example, in the 
middle of one of the nation’s snow 
belts, enjoys temperatures above 30 
degrees during 83 per cent of the year 
despite its hard, long, winters. Fort 
Wayne, Indiana, is above this level 
84 per cent of the time; Raleigh, N.C., 
for 97 per cent; Kansas City, 91 per 
cent ; Houston, 99 per cent and Miami, 
100 per cent of the time. 

One major advantage of the heat 
pump, the Carrier executive said, is 
the fact that a single system can 
provide year-round air conditioning. 
A heat pump provides warm, filtered 
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air in the winter, and cool, filtered, 
dehumidified air in the summer. 

Air filtration, he pointed out, re- 
moves dust and dirt from the air. 
This in turn reduces routine upkeep, 
general refurbishing and redecorating 
to a minimum. 


Confetti Solves Waterworks Prob- 
lem.—Handfuls of confetti blown 
through an elaborate plastic model at 
The University of Michigan are 
helping civil engineers find how a 
planned $6 million pumping station 
can best handle a billion gallons of 
Detroit’s drinking water every day. 
The 6-ft. long, 4-ft. high model 
represents an underground facility 
to be built in Detroit’s Waterworks 
Park, on the main intake line from 
the Detroit River. The confetti is 
carried through the model on a fast 
stream of air which simulates the 
thousands of tons of water that will 
rush through the station every hour. 
By watching through the clear plastic 
walls of the model, U-M engineers can 
spot turbulent eddies in the flying 
confetti. Then they devise ways to 
eliminate them. 

“If there was excessive turbulence 
in the water, the station’s pumps 
would not operate at full efficiency, 
and they would require higher main- 
tenance costs,’’ points out Prof. Victor 
L. Streeter, who heads the project. 
“The pumps would handle less water 
than they are designed to, and they 
would vibrate, become noisy and 
wear out faster.” 

Already, he says the $20,000 model 
has made possible a savings of over 
$100,000 in capitalized pumping costs 
by showing ways to conserve the 
energy of the water while reducing its 
turbulence. 

“Whenever you lose the water’s 
energy, you have to make it up some- 
where along the line by increased 
pumping,” he notes. ‘So far, we have 
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been able to cut energy losses in half 
by adding turning vanes, baffles and 
other design features.” 

The proposed station will have the 
job of boosting water 25 ft. from the 
main conduit from the Belle Isle in- 
take station. From the new station, 
the water will flow ‘‘downhill” to 
Detroit’s Northeast and Springwells 
filtering plants, about seven and 
eleven miles away, respectively. 

Water will enter the station in a 
conduit 14 ft. across, then drop into 
a crescent-shaped concrete pit 16 ft. 
deep and 90 ft. long. From there the 
impellers of four powerful pumps will 
push the water on its way with con- 
siderably more energy. 

This operation has been reproduced 
in the model, with air replacing the 
flow of water and plastic sleeves the 
size of stove-pipes representing the 
steel conduits. 

One inch on the model—built by 
the Cadillac Plastic and Chemical 
Company of Detroit—equals 21 in. 
of the proposed station. 

By measuring air pressure at dozens 
of points in the model, and by tossing 
confetti into it, the researchers can 
tell how effective each of their design 
changes has been. 

Professor Streeter points out that 
the station is designed to provide 
Detroit with over one billion gallons 
of water a day by 1970, or nearly 
twice the present supply. 


Crystalline Structure of Polyethy- 
lene.—New data on the influence of 
crystalline structure in the cross- 
linking of polyethylene were revealed 
at a meeting of the American Chem- 
ical Society by three General Electric 
Co. scientists. 

Experiments with polyethylene 
have indicated that when that plastic 
is irradiated in the completely amor- 
phous state, electron radiation is more 
than seven times as effective,in pro- 
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ducing cross-links as when it is 
irradiated in a _ highly crystalline 
state, according to a paper prepared 
by Elliott J. Lawton, John S. Balwit, 
and Roger S. Powell of the GE Re- 
search Laboratory, Schenectady, N.Y. 

Most studies of such cross-linking 
in the past, declared Lawton, who 
presented the paper, have not taken 
into consideration the effect of the 
physical state of the polyethylene 
during the irradiation process. The 
experiments described today indicate 
that there is a strong temperature 
dependence in the cross-linking of 
polyethylene, springing from the fact 
that as the temperature is increased, 
a larger and larger proportion of the 
material passes into the amorphous, 
or noncrystalline, state. 

“The shape of the [experimental ] 
curves,” Lawton told the audience of 
several hundred chemists, ‘implies 
that the main change in cross-linking 
efficiency is due to crystallinity pres- 
ent during the irradiation, and that 
the formation of intermolecular cross- 
links between adjacent molecules is 
very much dependent on the crystal- 
linity and the physical state of the 
polymer during the irradiation.”’ 

The experiments were conducted 
with normal low density polyethylene 
and also with high density Marlex-50 
polyethylene. The variations in ex- 
perimental results between the two 
types of material supported the view 
that the efficiency of cross-linking was 
influenced by the degree of crystal- 
linity, since Marlex-50 is more highly 
crystalline than normal polyethylene. 


Atomic Isolation Booth.—An atomic 
area once closed to any persons with- 
out protective clothing now can be 
entered safely by those dressed in 
ordinary street clothes, thanks to a 
plexiglass shelter developed by Gen- 
eral Electric Company personnel at 
the Hanford atomic plant. 
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General Electric, which operates 
the plant for the Atomic Energy Com- 
mission, has installed a safety shelter 
inside a “‘canyon”’ building to enable 
entrance without special protective 
clothing in an area where radioactive 
materials are chemically separated. 

The shelter is constructed of }-in. 
plexiglass and provides clean air, free 
of radioactive dusts and other con- 
taminants, from outside the “‘canyon”’ 
building. 

Inside the ‘‘canyon,” a concrete, 
windowless building three times longer 
than a football field, plutonium is 
separated from irradiated uranium 
fuel elements. Contamination in the 
area demands protection either from 
the protective clothing or the new 
plexiglass shelter. 


Fuze Test Facility.—A live bomb 
fuze is dangerous. Ordinarily, they 
are handled with the greatest of care 
and respect—like egg shells loaded 
with nitro-glycerin. 

“Fuze Testers” of the Air Research 
and Development Command (ARDC) 
take an opposite approach. They 
drop, jolt, shock, and dunk fuzes. 
They put them through sand, dust, 
salt, spray, humidity and rain. But 
they do it in safety. It’s all part of 
a new facility to test fuzes until they 
meet all the rigorous military stand- 
ards. The Fuze Test Facility, most 
complete of its kind in the Air Force, 
recently began operations at ARDC’s 
Air Force Armament Center, Eglin 
Air Force Base, Florida. 

Special equipment puts new fuzes 
through a variety of extreme condi- 
tions, as rough, or more so than actual 
operating situations. For example, 
there is the “jumble machine.’’ An 
unprotected fuze is placed in a box 
and rotated 3,600 times at a speed of 
30 revolutions per minute. If the 
fuze is still sound, it is put through 
7200 more revolutions to determine 
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what margin of safety can be expected. 
An 80-ft. tower tests fuzes for 
safety and ruggedness during design 
and production phases. The fuze is 
placed in an insert bomb, projectile 
or warhead and dropped 40 to 80 ft. 
onto a steel plate. Five drops are 
made. Each time the fuze strikes the 
plate at a different angle. Sometimes 
the bombs weigh as much as 750 lb. 
Explosives contained in the fuzes 
necessitate elaborate safety precau- 
tions. A gamma ray machine (sort of 
an X-ray device) determines the 
condition of the fuze after tests. The 
machine, which one person can move 
about, can ‘‘see’”’ through as much as 
eight inches of steel. 

The facility’s Remote Control Lab- 
oratory is another safety precaution. 
Here, fuzes are examined, inerted and 
sectioned by remote control. A 
closed-loop television hook-up gives 
the operator a full view of what is 
taking place in the lab. 

Among the instruments and ma- 
chines to be added to the new facility 
within the next year will be a “re- 
tarding”’ tank, 58 ft. long and filled 
with soap bubbles. Projectiles fired 
into this tank will be slowed down 
from speeds of about 3200 ft. per 
second to 400 ft. per second, and then 
stopped by a catch box filled with a 
low-density material. Testers can 
then recover fuzes that have not been 
deformed. 

The Fuze Test Facility is operated 
by the Fuze Test Branch of the 
Directorate of Munitions at ARDC’s 
Armament Center. Diamond Ord- 
nance Fuze Laboratories designed the 
facility in cooperation with the Center 
and other service agencies involved in 
fuze testing. 


Wooden Ladder Turned Into 
“Toast.’—The case of a wooden 
ladder which electron irradiation ac- 
cidentally turned into something tast- 
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ing like dry toast was described 
recently by a General Electric Com- 
pany safety engineer. 

The 6-ft. wooden ladder stood for 
about two years close to a high 
powered electron-beam generator used 
in experiments to determine the effect 
of radiation on various materials. 
Stray electrons scattering from the 
materials under study slowly ir- 
radiated the ladder, changing it into 
an edible substance much weaker than 
wood, according to Howard H. Faw- 
cett, of the General Electric Research 
Laboratory in Schenectady, N. Y. 
The weakened ladder eventually broke. 

“‘The chips of wood that I sampled,” 
said Fawcett, “tasted a great deal like 
slightly sweetened dry toast, which 
crumbled easily into powder.” 

Fawcett described the incident be- 
fore some 100 safety experts attending 
a meeting of the Laboratory Sub- 
Section of the National Safety 
Council. 

The irradiation of the ladder, al- 
though completely unintentional, rep- 
resented a phenomenon which GE 
Research Laboratory scientists first 
investigated several years ago. In 
these early experiments the scientists 
discovered that by bombarding wood 
with beams of electrons they could 
convert the cellulose in the wood into 
a substance which could be digested 
by the bacteria in a cow’s stomach. 
The wood then possessed food value 
approximately equal to that of hay. 
The costs involved in this conversion, 
however, make it unlikely that the 
woodpile will ever replace the silo. 

Studies of the effects of electron 
irradiation on various materials began 
in the GE Research Laboratory as 
early as 1926. These led to the 
announcement, in 1954, of the devel- 
opment of the first commercial 
product produced by means of elec- 
tron irradiation: ‘“Irrathene’’ irradi- 
ated polyethylene, used mainly for 
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electrical insulation. A broad pro- 
gram of study continues on the effects 
of irradiation on plastics, bacteria, 
foods, and drugs, but only incidentally 
on ladders. 


Glass Shielding Brick.—A new 
type of glass shielding brick that is as 
dense as iron, and ? as dense as lead, 
has been announced by The Atomic 
Center of New York City. Used as 
an insert in a metallic or concrete 
wall, the lead glass brick enables the 
worker to observe the action, perform 
remote manipulations, and even read 
instruments behind the wall shield. 

Three sizes of brick are cast, in- 
cluding a large 8 in. X 8 in. X 4 in. 
square block for maximum viewing 
angle. The bricks are composed of a 
special lead glass mixture, and are 
mounted in a steel frame for protec- 
tion and handling. 

Lead glass is the latest addition to 
the family of radiation shield building 
materials, which includes lead, iron 
and steel. For specific counting ap- 
plications, upright cylindrical shields 
and “interlocking doughnut” types 
are also available. 


3-D Atoms Offered as Chemical 
Study Aid.—Atoms in three dimen- 
sions, a model set which enables the 
scientist to study the space relation- 
ships in various molecules, have been 
introduced by Chicago Apparatus 
Company, laboratory equipment 
supplier. 

The set consists of plastic balls in 
various sizes and colors, representing 
different atoms, and long, short, and 
flexible pegs which serve as the links 
between atoms. 

Molecular models are an important 
aid in studying organic chemicals, 
crystals, and other complicated struct- 
ures, the company explained. Re- 
search scientists find that “seeing” 
molecules in 3-D is an aid in problem 
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solving or demonstration, and chem- 
istry instructors use sets frequently 
in class work. 

The Chicago Apparatus set is built 
to exact dimensions for proper val- 
ences and valence angles. Permanent, 
brilliant colors which are impregnated 
in the plastic designate carbon, hy- 
drogen, nitrogen, phosphorus, sulfur, 
chlorine, bromine, iodine, fluorine, 
oxygen, and silicon atoms. Holes are 
precisely drilled to permit joining of 
the spheres by means of the pegs. 

Chicago Apparatus offers a student 
set consisting of 69 balls and 59 pegs, 
a lecture set of 170 balls and 155 pegs, 
and a crystal set of 150 balls and 225 
pegs. 


Computers to Analyze Oil Well 
Drilling.—The use of electronic brains 
to speed oil well drilling and thus 
accelerate the discovery of new pe- 
troleum reserves has been predicted 
by Bryant Trenary, a General Electric 
Company engineer, before a meeting 
of the American Institute of Electrical 
Engineers in Oklahoma. 

General Electric, he said, as part of 
its long-range planning, is exploring 
the use of computers to analyze drill- 
ing conditions and automatically con- 
trol drilling rigs so that they will bore 
for oil more quickly and economically. 

“Recent outstanding successes with 
the operation of electric transmissions 
on diesel-electric drilling rigs .. .”’ 
has suggested the application of com- 
puters, Trenary said. 

He outlined the effects that factors 
including the weight on the drilling 
bit, the speed with which the bit is 
turned, and mud pump pressure, have 
on drilling and said that this data 
would be fed to the electronic brain 
which would compare it with previ- 
ously-stored optimum combinations, 
and then automatically make any 
necessary corrections through controls 
to an electric drilling transmission. 
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Franklin Institute. No. 4. Coleman ed.: Progress in nuclear energy, series 
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Braille (Frank), 1 


Bridge method. Simple bridge method for 
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Chemical switches, 504(C) 
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government and industry, 377 (C) 
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Giant brain to keep medical, hospital re- 
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New electronic data-processing computer, 
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New electronic memory unit, 279(C) 

NIXIE—electronic read-out tube, 372(C) 

Punched card transcriber for automatic 
computers, 339(N) 
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Conductivity. Hydrogen and oxygen in 
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hibition. Adsorption, inhibition and the 
Langmuir equation (Gardner), 523 

Cresson Medal. Libby, Willard Frank, 147 
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ethylene, 578(C) 
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Hydrogen and oxygen in germanium, 
179(C) 


D 
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Giant brain to keep medical, hospital 
records, 91(C) 

High speed printer-plotter, 278(C) 

New electronic data-processing computer, 
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NIXIE—electronic read-out tube, 372(C) 
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computers, 339(N) 
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drawing (Hu), 317 
Confetti solves waterworks problems, 
578(C) 
Wind tunnel for study of surface roughness, 
479(C) 


Dies. Analysis of die profiles in wire drawing 
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Difference equations. On a ‘“‘best’’ 9-point 
difference equation analogue of Laplace’s 
equation (Greenspan), 425 

Differentiation. Numerical integration of 
y’”’ = o(x,y,y’) using osculatory inter- 
polation (Salzer), 401 
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difference equation analogue of Laplace's 
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symmetry (Hodge and Papa), 505 
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drilling, 581(C) 
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(Klein), 537 
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and Scott-Hutton), 431 
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stitute. No.4. Coleman Sellers. 1827- 
1907 (Coulson), 183 

Electrodeposition. Protective coatings for 
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Electrodynamics. The classical electro- 
magnetic equations expressed as complex 
four-dimensional quantities (Bolinder), 
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Electrolytes. Subminiature aluminum foil 
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Shear buckling of simply sup- 
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Electromagnetic radiation from lightning 
strokes (Hill), 107 

Electromagnetics. The classical electro- 


magnetic equations expressed as complex 
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213 
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sistorized computers, 571 (C) 
Computing facility for Project Vanguard, 
275(C) 
High speed printer-plotter, 278(C) 
New electronic data-processing computer, 
375(C) 
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Punched card transcriber for automatic 
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Transistorized computer, 478(C) 
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tronics, 574(C) 
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575(C) 
Giant brain to keep medical, hospital 
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480(C) 
Electronic computation of 
problems, 424(C) 
Electronic monitoring instrument, 410(C) 
High-purity barium titanate, 58(N) 
NIXIE—electronic read-out tube, 372(C) 
Special color TV camera for closed-circuit 
or on-air surgical colorcasts, 95 (C) 
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Electroplating. Porosity detection in plated 
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227(N) 
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Engines. Improved additives for lubricating 
oil, 400(C) 
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227(N) 
Expansion vessels. The magneto-ionic ex- 
pander isotope separator (Slepian), 129 
Explosives. Multiple scabbing in materials 
(Kumar and Davids), 295 
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Face shield against Arctic cold, 120(C) 
Fallout. Radiations and the genetic threat 
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negatives, 181 (C) 
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and Scott-Hutton), 431 
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hollow (Power and Scott-Hutton), 431 
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ment for lift trucks, 94(C) 
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nucleus and modern technology (Harn- 
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index) 

Philip C. Staples Memorial Lecture: Radia- 
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Prominent members of The Franklin In- 
stitute. 5. Alexander Dallas Bache, 
1806-1867 (Coulson), 487 

Franklin Institute Laboratories 

Air pollution Lab reports from Los Angeles 
(Stephens), 349 

Determination of the orientation of cry- 
stallites in elongated particles in the 
single-domain range (Campbell), 257 

Electric analog study of hydrostatic bear- 
ings (Loeb), 450 

Reactivity computer (Stubbs), 559 

Vibration analysis of railroad track (Berg- 
holm), 67 

Frequency modulation. ‘Radio pill’’ devel- 
oped for medical research work, 485(C) 

Friction. Wind tunnel for study of surface 
roughness, 479 (C) 

Fuels. Atomic radiation increases burning 
speed of fuels, 572(C) 

Gasifying coal in the seam, 56(C) 

Lift truck LP-gas field conversion kit, 
484(C) 

Shock tube overcomes power loss, 90(C) 

Fuzes. Fuze test facility, 579(C) 
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Gases. Controlled burning of combustible 
materials, 57(N) 

Lift truck LP-gas field conversion kit, 
484(C) 

Simple bridge method for the measurement 
of thermal conductivity of gases and gas 
mixtures (Madan), 207 

Generating stations. Highly efficient generat- 
ing station, 180(C) 

Genetics. Radiations and the genetic threat 
(Weaver), 283 

Geomagnetism. Prominent members of The 
Franklin Institute. 5. Alexander Dallas 
Bache, 1806-1867 (Coulson), 487 

Geophysics. Electromagnetic radiation from 
lightning strokes (Hill), 107 

Germanium. Hydrogen and oxygen in 
germanium, 179(C) 

Glass. Glass shielding brick, 581(C) 

Gold. Atomic radiation increases burning 
speed of fuels, 572(C) 

Gold for insulation, 279(C) 

Guided missiles. An optimum pursuit prob- 
lem (Leitmann), 499 
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Harmonic oscillators. Quantization of the 
relativistic harmonic oscillator by per- 
turbative methods with application to 
van der Waals forces (Penfield and 
Zatzkis), 331 

Heat pumps. Year-round air conditioning 
with heat pumps, 576(C) 

Heat transfer. Matrix analysis of heat 
transfer problems (Pipes), 195 

Simple bridge method for the measurement 
of thermal conductivity of gases and gas 
mixtures (Madan), 207 

Helical springs. Fatigue testing machine for 
spring wire, 544(N) 

Hermetic seal terminals, 274 (C) 

High pressure. Improved high-pressure pack- 
ing, 444(N) 

High temperature. 
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Prominent members of The Franklin In- 
stitute. No.4. Coleman Sellers. 1827- 
1907 (Coulson), 183 

Prominent members of The Franklin In- 
stitute. 5. Alexander Dallas Bache, 
1806-1867 (Coulson), 487 

Reality, imagery and fantasy (Swann), 379 
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New alloy for aircraft, 
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Incompressible flow. Slow shearing motion 
over a hollow (Power and Scott-Hutton), 
431 

Inhibition. Researches on corrosion and in- 
hibition. Adsorption, inhibition and the 
Langmuir equation (Gardner), 523 


Inspection. Closed TV _ patrols reactor, 
372(C) 

Porosity detection in plated coatings, 
143(N) 

Instruments. Briefcase conference recorder, 
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Electric tension indicator, 272 (C) 
Electronic monitoring instrument, 410(C) 
Microscopes with ‘‘push-button’”’ illumina- 
' ‘tion, 294(C) 
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Instruments (cont.) 
Remote-controlled microscope, 179(C) 
Testing tension of tapes and ribbons, 
483(C) 
Transistorized d-c. amplifier, 440(C) 


Uranium detector available to public, 
440(C) 
Insulation. Gold for insulation, 279(C) 


Integration. Numerical integration of 
y”’ = o(x,y,y’) using osculatory inter- 
polation (Salzer), 401 

Internal medicine. ‘Radio pill’’ developed 
for medical research work, 485(C) 

International Geophysical Year. Computing 
facility for Project Vanguard, 275(C) 

Interpolation. Numerical integration of 
y” = $(x,y,y’) using osculatory inter- 
polation (Salzer), 401 

Ion sources. Apparatus for etching fine 
points, 227(N) 

Iron. Iron-dust magnets, 277(C) 

Irradiation. Atomic radiation increases burn- 
ing speed of fuels, 572 (C) 

Crystalline structure of 
578(C) 
Wooden ladder turned into “‘toast,” 580(C) 

Isotopes. The magneto-ionic expander iso- 
tope separator (Slepian), 129 

Iteration. Rotating disks with no plane of 
symmetry (Hodge and Papa), 505 


J 
Jet engines. Liquid-injection system in- 
creases jet engine power, 160(C) 
Johnson, John Bertrand. Longstreth Medal, 
249 
Journal of The Franklin Institute 
Dr. William B. Meldrum (1887-1956), 274 
Publications received: 175, 268, 368, 474, 
570 


polyethylene, 
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Klystrons. New amplifier klystron, 377(C) 
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Land locomotion. Latest developments in 
off-the-road locomotion (Bekker), 411 
Langmuir equation. Researches on corrosion 
and inhibition. Adsorption, inhibition 
and the Langmuir equation (Gardner), 
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Levy Medal. D. B. Steinman, 547 

Libby, Willard Frank. Cresson Medal, 147 
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Lift trucks. Lift truck LP-gas field con- 
version kit, 484(C) 

Lightning. Electromagnetic radiation from 
lightning strokes (Hill), 107 

Liquified petroleum gas. Lift truck LP-gas 
field conversion kit, 484(C) 

Locomotion. Latest developments in off-the- 
road locomotion (Bekker), 411 

Longstreth Medal. John Bertrand Johnson, 
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Lubrication. Improved additives for lubri- 
cating oil, 400(C) 
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Machinery. High-speed ditchers, 373(C) 


Magnesium. New alloy for aircraft, 64(C) 
Magnesium pellet extrusion process, 
371(C) 
Magnetism. Iron-dust magnets, 277(C) 


Magnetic plate handling attachment for 
lift trucks, 94(C) 
Magneto-ionic expander isotope separator 
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Mail. Electronic mail sorting system pro- 
posed, 575(C) 
Maintenance. Atomic hydrogen unit, 90(C) 
Mars. “Cat Eye” to view Mars, 573(C) 
Martin Co., The Glenn L. Wetherill Medal, 
342 
Mass spectrometry. The magneto-ionic ex- 
pander isotope separator (Slepian), 129 
Materials handling. Lift truck LP-gas field 
conversion kit, 484(C) 
Magnetic plate handling attachment for 
lift trucks, 94(C) 
Mathematics. Analysis of electric circuits 
containing nonlinear resistance (Pipes), 
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The classical electromagnetic equations ex- 
pressed as complex four-dimensional 
quantities (Bolinder), 213 
Electronic computation of 
problems, 424(C) 
Numerical integration of y’” = $(x,y,y’) 
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401 
On a “best” 9-point difference equation 
analogue of Laplace’s equation (Green- 
span), 425 
Matrix methods. Matrix analysis of heat 
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Measurement. Simple bridge method for the 
measurement of thermal conductivity of 
gases and gas mixtures (Madan), 207 

Testing tension of tapes and ribbons, 
483(C) 

Mechanical properties of materials for com- 
bined stresses based upon true stress and 
strain (Marin), 35 

Medical science. Anticonvulsant proven 
effective in psychomotor seizures, 483 (C) 

Artificial respiration by electronics, 574(C) 

Closed-circuit TV system provides data on 
cancer cells, 271 (C) 

Giant brain to keep medical, 
records, 91(C) 

“Radio pill’’ developed for medical research 
work, 485(C) 

Special color TV camera for closed-circuit 
or on-air surgical colorcasts, 95(C) 

Meetings of The Franklin Institute 

Minutes: December 19, 1956, 60; January 
16, 1957, 145; February 20, 1957, 248; 
March 20, 1957, 341; April 17, 1957, 445; 
May 15, 1957, 546 

Meldrum, William B. Dr. William B. Mel- 
drum (1887-1956), 274(C) 

Members of The Franklin Institute 

Active members elected: 61, 146, 253, 343, 
446, 547 

Gold members, 255 

Silver members, 254 

Silver members for 1956, 252 

Memory. Chemical switches, 504 (C) 

New electronic memory unit, 279(C) 

Metallurgy. Atomic hydrogen unit, 90(C) 

Atomic radiation spurs growth of ‘“whisk- 
ers’’ on metals, 272 (C) 

“Deep freeze’’ metallurgy, 120(C) 

Hydrogen and oxygen in germanium, 
179(C) 

Iron-dust magnets, 277 (C) 

Magnesium pellet extrusion process, 371 (C) 

The magneto-ionic expander isotope sep- 

arator (Slepian), 129 

Meteorology. Prominent members of The 
Franklin Institute. 5. Alexander Dallas 
Bache, 1806-1867 (Coulson), 487 

Tornado-proof houses, 542 (C) 
Tornado tracking service 
400(C) 

Methyl chloroform as a solvent, 94(C) 

Microscopes. Microscopes with 
button” illumination, 294(C) 


hospital 


considered, 


“‘push- 
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Microwaves. New amplifier klystron, 377 (C) 

New solid-state oscillator for microwaves, 
369(C) 

The classical electromagnetic equations 
expressed as complex four-dimensional 
quantities (Bolinder), 213 

Military engineering. Atomic power plant for 
Seawolf, 575(C) 

Automatic jeep-mounted mine detector, 
56(C) 

Face shield against Arctic cold, 120(C) 

Fuze test facility, 579(C) 

High-speed ditchers, 373(C) 

Latest developments in off-the-road loco- 
motion (Bekker), 411 

120-hr. mission, 34(C) 

“Packaged” water plant, 281 (C) 

Plywood used for cold-test box, 160(C) 

Mine detectors. Automatic jeep-mounted 
mine detector, 56(C) 

Mining. Gasifying coal in the seam, 56(C) 

Minutes of the Stated Meetings of The 
Franklin Institute (See Meetings of The 
Franklin Institute) 

Missiles. High speed printer-plotter, 278(C) 

New alloy for aircraft, 64(C) 

Shear buckling of simply supported plates 
tapered in thickness (Klein), 537 

Tiny light cell to guide missiles, spot gun- 
fire, or aid blind phone operators, 89(C) 

Mitchell, Colin Campbell. Newcomen Medal, 
147 

Motion. Quantization of the relativistic 
harmonic oscillator by perturbative 
methods with application to van der 
Waals forces (Penfield and Zatzkis), 331 

Multiple scabbing in materials (Kumar and 
Davids), 295 

Museum Notes 

Computation, 347 

P. R. No. 3, 453 

Progress in the air, 151 

Steel, 551 

Typewriters, 65 

Mutations. Radiations and the genetic threat 
(Weaver), 283 
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Brown Medal, 342 
Mitchell, Colin Camp- 


Nervi, Pier Luigi. 
Newcomen Medal. 
bell, 147 
Noise. Electromagnetic radiation from light- 
ning strokes (Hill), 107 
Prefabricated sound enclosure 
transformer sound level, 572(C) 


reduces 
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Nonlinear systems. Analysis of electric cir- 


cuits containing nonlinear resistance 
(Pipes), 47 

Nuclear physics. Aligning atomic nuclei, 
140(C) 


Atomic power plant for first guided missile 
submarine, 479 (C) 

Glass shielding brick, 581 (C) 

Radiations and the _ genetic 
(Weaver), 283 

Radioactive waste discharged safely into 
soil, 481(C) 

Reversal of parity law in nuclear physics, 
441(N) 

The atomic nucleus and modern technology 
(Harnwell), 303 

Valves for reactors, 479(C) 

Atomic power plant for 


threat 


Nuclear reactors. 
Seawolf, 575 (C) 
Automatic reactor shut-down, 294(C) 
Closed TV patrols reactor, 372(C) 
Numerical analysis. On a ‘‘best’’ 9-point 
difference equation analogue of Laplace’s 
equation (Greenspan), 425 
Numerical integration of y” = $(x,y,y’) using 
osculatory interpolation (Salzer), 401 


oO 


Off-the-road locomotion. Latest develop- 
ments in off-the-road locomotion (Bek- 
ker), 411 

Oil wells. Computers to analyze oil well 

drilling, 581(C) 

Improved additives for lubricating oil, 

400(C) 

One-step photography. From imbibition to 
exhibition (Land), 121 

Optics. Microscopes with 
illumination, 294(C) 

Remote-controlled microscope, 179(C) 
Tiny light cell to guide missiles, spot gun- 
fire, or aid blind phone operators, 89(C) 

Oscillators. New solid-state oscillator for 
microwaves, 369(C) 

Portable frequency standard, 543(N) 

Quantization of the relativistic harmonic 
oscillator by perturbative methods with 
application to van der Waals forces 
(Penfield and Zatzkis), 331 

Osculatory interpolation. Numerical integra- 
tion of y” = $(x,y,y’) using osculatory 
interpolation (Salzer), 401 


Oils. 


“‘push-button”’ 
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Packing. Improved high-pressure packing, 
444(N) 

Page, Robert Morris. Ballantine Medal, 446 

Parity. Reversal of parity law in nuclear 
physics, 441(N) 

Pfann, William G. Clamer Medal, 147 

Philadelphia. Prominent members of The 
Franklin Institute. No. 4. Coleman 
Sellers. 1827-1907 (Coulson), 183 

Prominent members of The Franklin In- 

stitute. 5. Alexander Dallas Bache, 
1806-1867 (Coulson), 487 


Philosophy. Reality, imagery and fantasy 
(Swann), 379 
Photocells. Tiny light cell to guide missiles, 


spot gunfire, or aid blind phone operators, 
89(C) 
Photography. Better enlargements 
“miniature”’ negatives, 181 (C) 
“Cat Eye” to view Mars, 573(C) 
Electronic color photography predicted, 
480(C) 
From imbibition to exhibition (Land), 121 
Prominent members of The Franklin In- 
stitute. No.4. Coleman Sellers. 1827- 
1907 (Coulson), 183 
Photomicrography. Microscopes with ‘‘push- 
button”’ illumination, 294(C) 
Physics. Reality, imagery and 
(Swann), 379 
Piezoelectricity. 
tanate, 58(N) 
Piping. Electronic computation of pipe stress 
problems, 424 (C) 
Valves for reactors, 479(C) 
Plasticity. Analysis of die profiles in wire 
drawing (Hu), 317 
Piecewise linear isotropic plasticity applied 
to a circular cylindrical shell with sym- 
metrical radial loading (Hodge), 13 
Plastics. Improved high-pressure packing, 
444(N) 
F 'Styrex 767 in full-scale production, 375(C) 
Plexiglas. Atomic isolation booth, 579(C) 
Face shield against Arctic cold, 120(C) 
Polaroid camera. From imbibition to exhibi- 
tion (Land), 121 
Poliomyelitis. Artificial respiration by elec- 
tronics, 575(C) 
Polyethylene. Crystalline structure of poly- 
ethylene, 578(C) 
Porosity detection in plated coatings, 143(N) 


from 


fantasy 


High-purity barium ti- 
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Postal system. [Electronic mail sorting 
system proposed, 575(C) 
Powder metallurgy. Iron-dust 

277(C) 
Power. Atomic power plant for first guided 
missile submarine, 479 (C) 
Atomic power plant for Seawolf, 575(C) 
Highly efficient generating station, 180(C) 
Liquid-injection system increases jet engine 
power, 160(C) 
Predictions. Electronic color photography 
predicted, 480(C) 
Printing. High speed printer-plotter, 278(C) 
Priestley, Joseph. Joseph Priestley home 
being restored, 92(C) 
Printed circuits. Subminiature aluminum foil 
electrolytic capacitors, 482 (C) 
Project Vanguard. Army engineers assisting 
in developing satellite, 93(C) 
Computing facility for Project Vanguard, 
275(C) 
Prospecting. Uranium detector available to 
public, 440(C) 
Protective coatings. Army engineers assisting 
in developing satellite, 93(C) 
Gold for insulation, 279(C) 
Protective coatings for titanium, 225(N) 
Public utilities. Confetti solves waterworks 
problems, 578(C) 
Pumping systems. Confetti solves water- 
works problems, 578(C) 
Pursuit. An optimum pursuit problem (Leit- 
mann), 499 


magnets, 


Q 


Quantum mechanics. Reversal of parity law 
in nuclear physics, 441(N) 


R 


Radar. Tornado tracking service considered, 
400(C) 

Radial loading. Piecewise linear isotropic 
plasticity applied to a circular cylindrical 
shell with symmetrical radial loading 
(Hodge), 13 

Radio. Portable frequency standard, 543(N) 

“Radio pill’ developed for medical research 
work, 485(C) 
Transistor pocket radio, 275(C) 

Radioactivity. Atomic isolation 
579(C) 

Atomic radiation increases burning speed 
of fuels, 572(C) 

Atomic radiation spurs growth of ‘“whisk- 
ers’’ on metals, 272(C) 


booth, 
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Radioactivity (cont.) 

Electronic monitoring instrument, 410(C) 

Porosity detection in plated coatings, 143 (N) 

Radiations and the’ genetic threat 
(Weaver), 283 

Radioactive waste discharged safely into 
soil, 481 (C) 

Remote-controlled microscope, 179 (C) 

Uranium detector available to public, 
440(C) 

Radio astronomy. New solid-state oscillator 
for microwaves, 369(C) 

Radio noise. Electromagnetic radiation from 
lightning strokes (Hill), 107 

Railroads. Prominent members of The 
Franklin Institute. No. 4. Coleman 
Sellers. 1827-1907 (Coulson), 183 

Reactors. Atomic power plant for Seawolf, 
575(C) 

Automatic ractor shut-down, 294(C) 
Closed TV patrols reactor, 372(C) 
Valves for reactors, 479(C) 

Reading aids. A study of the feasibility of 
tonal Braille (Frank), 1 

Read-out process. NIXIE—electronic read- 
out tube, 372(C) 

Reality, imagery and fantasy (Swann), 379 

Recording. Briefcase conference recorder, 
371(C) 

Redding Lecture. The atomic nucleus and 
modern technology (Harnwell), 303 
Refrigeration. Plywood used for cold-test 

box, 160(C) 

Relativity. The classical electromagnetic 
equations expressed as complex four- 
dimensional quantities (Bolinder), 213 

Respiration. Artificial respiration by elec- 
tronics, 574(C) 

Rockets. An optimum pursuit problem 
(Leitmann), 499 

Rotating disks with no plane of symmetry 
(Hodge and Papa), 505 

Rugs. Cotton carpeting cleaned in place, 
181(C) 

Ss 


Safety engineering. Atomic isolation booth, 

579(C) 

Automatic jeep-mounted mine detector, 
56(C) 

Automatic reactor shut-down, 294(C) 

Closed TV patrols reactor, 372(C)} 

Electronic monitoring instrument, 410(C) 

Fire detection in aircraft engine spaces, 
141(N) 
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Safety engineering (cont.) 

Radioactive waste discharged safely into 
soil, 481(C) 

Remote-controlled microscope, 179 (C) 

Tornado-proof houses, 542 (C) 

Sailing vessels. Sailing keels, a new design in 
sailing vessels, 224(C) 

Sanitation. ‘Packaged’ water plant, 281 (C) 

Satellites. Army engineers assisting in 
developing satellite, 93(C) 

Computing facility for Project Vanguard, 
275(C) 

Scabbing. Multiple scabbing in materials 
(Kumar and Davids), 295 

Science. Reality, imagery and fantasy 
(Swann), 379 

Seals. Hermetic seal terminals, 274(C) 

Valves for reactors, 479(C) 

Sellers, Coleman. Prominent members of The 
Franklin Institute. No. 4. Coleman 
Sellers. 1827-1907 (Coulson), 183 

Sensory aids. A study of the feasibility of 
tonal Braille (Frank), 1 

Shear. Shear buckling of simply supported 
plates tapered in thickness (Klein), 537 

Slow shearing motion over a hollow (Power 
and Scott-Hutton), 431 

Shells. Piecewise linear isotropic plasticity 
applied to a circular cylindrical shell with 
symmetrical radial loading (Hodge), 13 

Shields. Glass shielding brick, 581 (C) 

Shipbuilding. Sailing keels, a new design in 
sailing vessels, 224(C) 

Shock tube overcomes power loss, 90(C) 

Silicones. Better enlargements from ‘‘minia- 
ture’ negatives, 181(C) 

Simulated service testing. Confetti solves 
waterworks problems, 578(C) 

Fuze test facility, 579(C) 

Smog. Organizing for effective air pollution 
control (Weidlein), 97 

Smoke abatement. Organizing for effective 
air pollution control (Weidlein), 97 

Soil mechanics. Latest developments in off- 
the-road locomotion (Bekker), 411 

Solid state physics. New solid-state oscillator 
for microwaves, 369(C) 

Solvents. Methyl chloroform as safe solvent, 
94(C) 

Sound. Prefabricated sound enclosure re- 
duces transformer sound level, 572(C) 

Staples Lecture. Radiations ‘and the genetic 
threat (Weaver), 283 
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Steinman, D. B. Levy Medal, 547 

Storage. New electronic memory unit, 
279(C) 


Strength of materials. Magnesium pellet 
extrusion process, 371(C) 
Mechanical properties of 
combined stresses based upon true stress 
and strain (Marin), 35 
Multiple scabbing in materials (Kumar and 
Davids), 295 
Shear buckling of simply supported plates 
tapered in thickness (Klein), 537 
Stress. Mechanical properties of materials 
for combined stresses based upon true 
stress and strain (Marin), 35 
Multiple scabbing in materials 
and Davids), 295 
Rotating disks with no plane of symmetry 
(Hodge and Papa), 505 
Shear buckling of simply supported plates 
tapered in thickness (Klein), 537 
Stress analysis. Analysis of die profiles in 
wire drawing (Hu), 317 
Stress-strain. Mechanical properties of ma- 
terials for combined stresses based upon 
true stress and strain (Marin), 35 
Piecewise linear isotropic plasticity applied 
to a circular cylindrical shell with sym- 
metrical radial loading (Hodge), 13 
Structures. Rotating disks with no plane of 
symmetry (Hodge and Papa), 505 
3-D atoms offered as chemical study aid, 
581(C) 
Styrex 767 in full-scale production, 375(C) 
Submarines. Atomic power plant for first 
guided missile submarine, 479 (C) 
Atomic power plant for Seawolf, 575(C) 
Supersonics. Shock tube overcomes power 
loss, 90(C) 
Switching. Chemical switches, 504(C) 
Future computers, 536(C) 


materials for 


(Kumar 


T 


Tanks. Latest developments in off-the-road 
locomotion (Bekker), 411 

Tape recorders. Testing tension of tapes and 
ribbons, 483(C) 

Technology. The atomic nucleus and modern 
technology (Harnwell), 303 

Teflon. Improved high-pressure packing, 
444(N) 

Telephony. Atomic'radiation spurs growth of 
“whiskers” on ‘metals, 272(C) 
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Tension meter. 


Terminals. 
Testing. Fatigue testing machine for spring 


Textiles. 


Thermal conductivity. 


Titanium. 
Tonal Braille. 


Tornadoes. 


Tracking. 


Trajectories. 


Transatlantic cable. 


Transformers. 
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Telephony (cont.) 

Tubes for the transatlantic cable system, 
374(C) 

Television. Closed-circuit TV system pro- 

vides data on cancer cells, 271 (C) 

Closed TV patrols reactor, 372(C) 

Electronic color photography predicted, 
480(C) 

Special color TV camera for closed-circuit 
or on-air surgical colorcasts, 95(C) 

Transatlantic TV?, 330(C) 

Mechanical properties of materials 
for combined stresses based upon true 
stress and strain (Marin), 35 

Testing tension of tapes and ribbons, 
483(C) 

Electric tension indicator, 

272(C) 

Hermetic seal terminals, 274 (C) 


wire, 544(N) 

Fuze test facility, 579(C) 

120-hr. mission, 34(C) 

Testing tension of tapes and ribbons, 483 (C) 

Wind tunnel for study of surface roughness, 
479(C) 

Cotton carpeting cleaned in place, 

181(C) 

Matrix analysis of 
heat transfer problems (Pipes), 195 

Simple bridge method for the measurement 
of thermal conductivity of gases and gas 
mixtures (Madan), 207 

Protective coatings for titanium, 

225(N) 

A study of the feasibility of 

tonal Braille (Frank), 1 

Tornado-proof houses, 542 (C) 

Tornado tracking service considered, 

400(C) 

Computing facility for Project 
Vanguard, 275(C) 

An optimum pursuit problem (Leitmann), 
499 

An optimum pursuit problem 

(Leitmann), 499 

Tubes for the trans- 

atlantic cable system, 374(C) 


Transatlantic TV ?, 330(C) 
Transcribers. 


Punched card transcriber for 
automatic computers, 339(N) 

Prefabricated sound en- 
closure reduces transformer sound level, 


572(C) 
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Transistors. Completely transistorized com- 
puter, 571(C) 
Future computers, 536(C) 
Transistor pocket radio, 275 (C) 
Transistorized computer, 478(C) 
Transistorized d-c. amplifier, 440(C) 
Transport properties. Simple bridge method 
for the measurement of thermal con- 
ductivity of gases and gas mixtures 
(Madan), 207 
Transportation. Latest developments in off- 
the-road locomotion (Bekker), 411 


U 


Uranium. Uranium detector available to 


public, 440(C) 
Vv 


Vacuum tubes. Tubes for the transatlantic 
cable system, 374(C) 

Valves for reactors, 479(C) 

van der Waals forces. Quantization of the 
relativistic harmonic oscillator by per- 
turbative methods with application to 
van der Waals forces (Penfield and 
Zatzkis), 331 

Vibration. Quantization of the relativistic 
harmonic oscillator by perturbative 
methods with application to van der 
Waals forces (Penfield and Zatzkis), 331 
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Viscosity. Slow shearing motion over a 
hollow (Power and Scott-Hutton), 431 
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Warning systems. Tornado tracking service 
considered, 400(C) 

Waste disposal. Radioactive waste dis- 
charged safely into soil, 481 (C) 

Water. ‘‘Packaged’’ water plant, 281 (C) 

Water treatment. Confetti solves water- 
works problem, 578(C) 

Welding. Atomic hydrogen unit, 90(C) 

Wetherill Medal. The Glenn L. Martin Co., 
342 

Wind tunnels. Wind tunnel for study of 
surface roughness, 479(C) 

Wire. Fatigue testing machine for spring 
wire, 544(N) 

Analysis of die profiles in wire drawing 


(Hu), 317 
Wood. Plywood used for cold-test box, 
160(C) 
Wooden ladder turned into “toast,” 
580(C) 
: 


Yachting. Sailing keels, a new design in 
sailing vessels, 224(C) 
Young, Leo Clifford. Ballantine Medal, 446 
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